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lx  Fttar  .Tc  o pt-ijnsm  turbine  performance,  the  nozzle  is 
the  Simcle  west  irf  inertial  ccmpcesert.  SZsall,  high 
tfic  energy  turbines,  generally  operating  at  high 


pressure  ratios,  recti  re  super  sc®  ic  cor  verrino -diverging 
lorries  for  high  efficiency.  Sac*-  nozzles,  hwever, 
yield  poor  perf craarroe  at  of f -design  pressure  ratios, 
fhe  street  cf  this  stogy  was  tc  obtain  design  information 


?  ccBCcehexsiTe  experimental  program  was  undertaken  tc 
optimise  nozzle  diwroesce  and  evaluate  plug  nozeles  arc 


tie  off 


icc.  effects  of  specific  heat  ratio,  So  real 


azaiysis  weri  was  to  be  performed  under  this  contract  with 
dimers*  ram  aoc  presentation  sufficient  only  to  serve  as  a 
gride  to  use  of  the  record. 


Sorxle  perferraaoe  was  evaluated  front  test  measurements  cf 
a  complete  tsrtiae-aczzle  system.  All  nozzles  were  tested 
or  ritrogea  and  m  Phase  III,  the  nozzle  which  had  shown 
the  best  performance  cc  nitrogen  was  tested  with  Argon 
*v  *  l . €f.  and  Prect  13  (y  *  1.1?)  to  evaluate  the  effects 
cf  specific  beat  ratio.  All  testing  was  done  with,  the  sare 
rcter.  A  total  of  eleven  different  nozzles  were  tested; 


1 


5  straight  conical  desicas  with  the  same  design  Mach  Humber 
"2.55  and  area  ratio,  hot  different  divergence  angles 
drwcstxeajr  of  the  throat  (7*  to  15*  half  angle)  ,  a  similar 
program  with  nozzles  of  design  mach  no .  =  4,  two  annular 
throat  plug  nozzles  and  a  2  dimensional  ’half  plug’  design. 

desalts  show  tliat  an  optima**  nozzle  divergence  exists  but 
not  for  all  conditions.  The  11*  and  13*  half  ancle  nozzles 
a  consistent  advantage  in  peak  efficien  cy  and 
capability  (minimum  variation  in  efficiency  during 
off-design  pressure  ratio  operation) ,  but  only  with  the 
lower  design  pressure  ratio  nozzles  tested  (Mq  =  2.5)  . 

Sc  soch  clear  advantage  appeared  in  the  results  of  the 
Sj)  *  4.0  nozzles  tested;  the  performance  of  all  divergence 
angles  seemed  to  merge  into  one  band  of  width  on  the  same 
order  as  the  scatter  although  the  narrow  (7*)  nozzle 
displayed  a  snail  advantage  in  peak  efficiency. 

Plug  nozzles  exhibited  no  significant  performance 
advantage  over  straight  conical  designs  -  their  range 
(efficiency  variation)  appears  marginally  better  in  a  few 
cases  but  the  peak  efficiency  is  consistently  lower  than 
the  pocrest  conical  design  tested  in  the  mach  2.5  series, 
and  this  core  than  makes  up  for  it. 
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The  effect  of  specific  heat  ratio  seems  to  be  a  small 
redaction  of  peak  efficiency  and  improved  range  (less 
efficiency  variation  over  a  range  of  pressure  ratios). 

Off-design  speed  effects  as  revealed  by  the  shape  of 
the  u/Cq  -  0^  curve  (pointed  vs  vide)  appeared  small 
throughout  the  study. 
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INTRODUCTION 


Many  military  turbine  applications  require  operation  over  a 
wide  range  of  pressure  ratios.  Such  applications  would 
include  any  underwater  device  operating  at  varying  depth 
and  aero-space  vehicles  such  as  missiles  aircraft  and  space 
vehicles  that  operate  from  sea  level  to  outer  space.  This 
off-design  regime  often  accounts  for  a  significant  portion 
of  the  mission  profile. 

Nozzle  and  rotor  performance  has  a  large  effect  on  the 
ultimate  obtainable  turbine  efficiency  with  the  nozzle 
being  much  the  more  important,  hence  tinder  a  previous 
contract  (N00014-66-C-02S4)  Sundstrand  conducted  a  turbine 
off-design  performance  study,  reported  on  in  Reference  1; 
Sundstrand  AER  486,  dated  April  1967,  "Effect  of  Nozzle 
Geometry  on  Off-Design  Performance  of  Partial  Admission 
Impulse  Turbines”. 

The  present  study  extends  the  work  done  under  the  previous 
contract  although  primarily  an  experimental  program  whereas 
the  previous  one  was  principally  analytical  in  nature. 

The  objectives  of  this  study  were  to  (I)  experimentally 
optimize  the  divergence  angle  of  straight  conical  supersonic 
turbine  nozzles,  (II)  determine  what,  if  any,  off-design 
advantage  can  be  gained  with  plug  nozzles,  (III)  determine 
the  effect  of  specific  heat  ratio  on  off-design  performance. 
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EXPERIMENTAL  APPARATUS,  TEST  TECHNIQUES  AMD  DATA  REDUCTION 


This  study  was  made  using  a  test  dynamometer  designed  and 
built  by  Sund strand .  The  test  apparatus  and  techniques 
were  developed  over  a  number  of  years  while  performing 
various  turbine  research  and  development  studies. 


TURBINE  TEST  DYNAMOMETER 


The  turbine  test  facility  is  illustrated  in  Figure  1  and 
is  specifically  designed  to  evaluate  the  effects  of  turbine 
geometry  on  performance.  Rapid  changes  in  rotors,  nozzles, 
and  rotor  tip  and  side  clearances  are  easily  made.  Shaft 
power  is  determined  by  a  torque  arm  force  measurement,  the 
load  being  applied  by  an  electrical  homopolar  dynamometer . 
Turbine  bearing  losses  are  included  in  the  torque  arm 
measurement  since  the  entire  rotating  group  is  supported 
by  special  low  friction  ball  bearings.  The  dynamometer 
is  shown  in  Figures  2,  3  and  4.  Typical  test  hardware  is 
shown  in  Figure  5. 

The  facility  is  capable  of  testing  turbines  at  pressure 
ratios  up  to  2500.  The  entire  test  unit  is  located  in  a 
vacuum  chamber  during  tests  such  that  exhaust  pressures  as 
low  as  0.25  psia  are  possible.  The  maximum  test  turbine 
3peed  is  40,000  rpm.  Turbine  diameters  up  to  approximately 
7  inches  can  be  accommodated.  Output  shaft  power  levels 
of  up  to  20  hp  cam  be  absorbed  by  the  electrical  load  bank. 

Tests  to  obtain  turbine  efficiency  as  a  function  of  turbine 
geometry,  pressure  ratio,  speed,  and  Reynolds  number  can  be 
conducted . 

Testing  shows  an  average  scatter  of  5%  in  the  turbine 
efficiency  data  {about  3  points) .  This  scatter  appears  to 
be  random,  yielding  an  accurate  and  reliable  mean  when  curve 
fitting  techniques  are  used  with  large  quantities  of  data, 
as  in  this  present  study.  The  nozzle  flow  rate  is  measured 
by  an  orifice  plate  flowmeter  showing  scatter  in  the  flow 
data  of  .75%.  Instrumentation  to  obtain  complete  pressure 
and  temperature  data  throughout  the  turbine  can  be  employed. 

All  tests  were  made  with  the  shrouded  turbine  wheel  and 
turbine  exhaust  housing  shown  in  Figure  5.  During  all  tests 
the  radial  tip  clearance  was  .050  inch;  the  axial  clearance 
between  the  nozzle  and  the  wheel  was  .035  inch.  Table  III 
presents  geometric  parameters  that  were  common  during  all 
tests  and  Table  IV  summarizes  test  conditions. 
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TURBINE  NOZZLE  TEST  CONFIGURATIONS 


Three  types  of  nozzles  were  studied;  straight  conical, 
axi  symetric  plug  nozzles  (two  styles) ,  and  a 
2 -dimensional  or  "half  plug"  design. 


Conical  Nozzles 


All  conical  nozzles  are  in  the  same  nozzle  plate  and 
were  tested  individually  with  the  remainder  plugged. 

The  plate  includes  two  sets  of  five  nozzles  of  different 
design  conditions  (Mp  *=  2.5,  A/A*  =  2.63,  and  =  4.0, 

A/A*  *  10.72)  with  divergence  half  angles  ac  from  7°  to  15" 
in  each  set.  The  exit  diameter  of  all  conical  nozzles 
is  .282  inch.  The  relationship  between  nozzle  exit  and 
blades  is  shown  in  Figure  8.  The  conical  nozzles  are 
quite  simple  in  design  and  are  sVccched  with  dimensions 
tabulated  in  Figure  6. 

The  conical  nozzles  were  selected  as  the  basis  of  comparison 
in  _his  study  since  they  are  the  most  common  type  used  in 
partial  admission  turbines. 


Plug  Nozzles 


The  plug  nozzles  are  illustrated  in  Figure  7.  The  annular 
throat  nozzles  ("A"  and  "B")  were  designed  per  the  procedure 
of  Rao  (Reference  2)  and  both  have  an  exit  diameter  of 
.280.  The  2 -dimensional  half  plug  (c)  was  also  designed 
per  his  procedure,  with  an  exit  height  of  .280  and  a  throat 
height  of  .162.  The  design  mach  number  of  all  plug  nozzles 
was  2.5,  for  easy  comparison  with  the  Md  *  2.5  conicals. 

All  plug  nozzles  were  machined  in  the  same  plate  with  their 
centerlines  tangent  to  a  common  pitch  diameter  of  5.96  inch 
as  were  the  conicals. 
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TEST  TECHNIQUES 


A  test  run  was  made  by  pressurizing  the  turbine  inlet  to  a 
prescribed  value  (not  greater  them  240  psia)  and  adjusting 
the  turbine  back  pressure  to  the  prescribed  level  to  obtain 
the  desired  pressure  ratio.  Data  was  then  taken  at  6  or  7 
turbine  speeds  from  7000  to  35000  rpm.  The  speed  was 
controlled  by  adjustment  of  the  homopolar  alternator  load 
resistance  (coarse  adjustment)  and  the  field  voltage  (fine 
adjustment) .  After  the  speed  range  was  covered  by  increasing 
speed,  the  points  were  retaken  as  it  was  decreased  back  to 
the  starting  speed  in  order  to  minimize  effects  of  mechanical 
hysteresis,  resulting  in  11  to  14  points  per  test  run.  Next 
the  back  pressure  was  adjusted  to  the  next  prescribed 
pressure  ratio  and  the  speed  points  repeated.  At  5  pressure 
ratios  per  nozzle  this  resulted  in  approximately  55  to  65 
data  points  per  nozzle  test  and  a  program  total  of  over  700. 

The  turbine  pressure  ratio  was  evaluated  by  measuring  the 
pressure  in  the  turbine  nozzle  plenum  chamber,  which  the 
nozzle  plate  seats  against,  and  pressure  in  the  exhaust 
duct  just  downstream  of  the  turbine.  The  turbine  flow 
rate  was  measured  by  an  orifice  meter  in  the  inlet  line 
leading  to  the  turbine  plenum.  At  each  data  point  conditions 
were  allowed  to  stabilize  before  recording  the  data  and 
then  proceeding  to  the  next  point.  Approximately  three 
minutes  of  run  time  were  required  at  each  data  point.  With 
one  exception,  all  pressures  (and  torque,  which  was  reflected 
as  a  differential  pressure)  were  detected  with  pressure 
transducers  and  recorded  automatically  on  a  strip  chart. 

The  orifice  plate  pressure  was  read  on  a  Bourdon  pressure 
gage  and  written  manually  on  the  chart  and  orifice  plate 
AP  was  detected  with  a  Bailey  pressure  transmitter  and 
recorded  on  the  strip  chart.  All  temperatures  were  measured 
with  copper  constantan  thermocouples  and  recorded  on  the 
trace.  Speed  was  measured  with  a  magnetic  pickup  and 
recorded  manually  from  an  electronic  counter. 

The  torque  readout  device  was  calibrated  before  and  after 
each  run  by  the  application  of  dead  weight  to  the  torque 
arm.  If  significant  variations  in  the  pre-  and  post¬ 
calibration  points  occurred,  the  data  was  discarded  and  a 
rerun  made. 

The  data  were  recorded  and  later  reduced  by  a  computer 
program  to  obtain  the  desired  performance  parameters.  The 
flow  rate  was  determined  from  the  orifice  measurements  as 
well  as  the  perfect  gas  choked  flow  equation.  In  this  manner 
the  flow  discharge  coefficient  was  obtained;  if  an 
unexplainable  variation  in  this  coefficient  was  found  the 
data  was  discarded  as  unreliable  and  the  test  was  rerun. 
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DATA  REDUCTION  PROCEDURES 


The  data  vm  reduced  utilizing  an  IBM  1130  computer. 

The  data  reduction  program  (Sundstrand  E2)  includes  curve 
fits  of  compressibility  factor  and  ratio  of  specific  heats 
for  nitrogen,  obtained  from  Reference  4.  These  properties 
are  calculated  as  functions  of  local  static  temperature  and 
pressure,  and  can  be  input  when  a  gas  other  them  nitrogen 
is  used  as  the  test  fluid. 

This  program  calculates  the  turbine  gas  flow  from  both  the 
orifice  measurements  and  from  the  perfect  gas  relationship 
for  choked  nozzles.  Comparison  of  these  two  values  yields 
the  nozzle  discharge  coefficient.  The  turbine  efficiency 
is  then  calculated  based  upon  (1)  the  measured  torque, 
speed,  and  orifice  flow  rate  values  ahd  (2)  the  measured 
temperature  difference.  The  second  calculation  is  for 
a  comparison  only,  since  no  attempt  to  obtain  an  adiabatic 
process  was  made.  Other  parameters  such  as  the  specific 
speed,  specific  diameter,  torque  coefficient,  shaft  horse¬ 
power,  adiabatic  head,  velocity  ratio,  and  wheel  tip  speed 
are  also  calculated. 

The  reduced  turbine  efficiency  data  is  estimated  to  have 
an  accuracy  of  5%.  This  is  considered  acceptable  in 
light  of  the  fact  is  appears  random  with  no  systematic 
errors,  strongly  suggesting  that  the  mean  value  is  a 
valid  representation  of  the  true  efficiency  with  the  large 
quantities  of  d&ta  available. 

To  reduce  the  effect  of  irregular  or  scattered  data  points 
a  least  squares  curve  fit  program  was  written  and  the 
data  processed  and  cross  plotted.  An  indication  of  the 
validity  of  this  procedure  is  that  the  resulting  computer 
plots  agree  in  almost  all  predominant  trends  and  values 
with  some  25  manual  summary  plots  made  while  data  was  being 
collected,  and  where  the  two  disagree  the  computer  plots 
appear  the  more  reasonable. 
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LEAST  SQUARES  DATA  SMOOTHING  PROGRAM 


The  output  of  program  E-2  was  used  in  the  least  squares 
program  to  arrive  at  a  smoothed  data  representation.  To 
further  reduce  the  effect  of  scatter,  sets  of  data  points 
were  grouped  together. 

The  general  equation  of  the  surface  took  the  form: 

"T  -  (,§)♦  as  («£)2  ♦  M^)3 


+  A5  X  +  A6  X2  +  A7  X3  +  A8(cg)  X 

+  MsS)  x  +  Ai°  ($>) *2 


For  most  groups  of  data  (Groups  I-Vr  and  IX -XIII)  the 
variable  X  represented  nozzle  half  angle.  For  all  other 
groups  the  variable  X  represented  pressure  ratio.  Data 
groups  XV-XVIII  included  only  the  first  four  terms  of 
the  general  equation,  and  since  only  (3)  mach  4.0  nozzles 
were  tested  the  seventh  term  was  omitted  for  all  mach  4 . 0 
data  groups. 

A  listing  of  all  data  groups  is  shown  on  Table  I. 

These  least  square  equations  were  used  to  form  the  smooth 
curves  appearing  on  all  computer  made  plots  in  this  report. 
The  plots  were  made  on  a  "CAL  COMP"  plotter  controlled 
by  a  subroutine  called  GRAF  on  Sundstrand's  IBM  1130. 

Empirical  data  points  were  omitted  from  the  summary  plots 
to  illustrate  trends  more  clearly.  Instead,  for 
reference  they  aura  shown  on  plots  in  Appendix  A  and  listed 
in  Appendix  B. 

It  should  be  remembered  when  studying  any  one  data  set 
and  curve,  that  the  shape  and  position  of  the  curve  has 
been  influenced  by  other  data  in  that  group  not  shown  on 
the  plot. 
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DATA  LISTING 


Appendix  B  contain*  a  listing  of  all  data  points,  a 
comparison  of  the  empirical  and  smoothed  data,  and  a  rough 
measure  of  scatter  for  each  point. 

Scatter  Percent  Eff. 

■  (Empirical  Data  Point  - 

Smoothed  Data  Point)  x  100. 

Scatter  Percent  Val. 

*  (Scatter  Percent  Eff .)/(Bspirical  Data  Point) 


Table  II  explains  the  exact  interpretation  of  the  titles 
appearing  under  the  heading  nozzle  designation. 
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TABLE  I 

LIST  OF  DATA  GROUPS 


GROUP  NOZZLE  DESIGNATIONS 

I  Mach  2.5,  15*  Half  Angle 
Mach  2.5,  13*  Half  Angle 
Mach  2.5,  11 •  Half  Angle 
Mach  2.5,  9*  Half  Anrrl* 


Mach  2.5,  9*  Half  Angle 
Mach  2.5,  7*  Half  Angle 

Mach  2.5,  15*  Half  Angle 
Mach  2.5,  13*  naif  Ang^ 
Mach  2.5,  ll«  Half  Angle 
Mach  2.5,  9*  Half  Angle 
Mach  2.5,  7*  Half  Angle 


Mach  2.5, 
Mach  2.5, 


Mach  2.5,  15*  Half  Angle 
Mach  2.5,  13*  Half  Angle 
Mach  2.5,  11*  Half  Angle 
Mach  2.5,  9*  Half  Angle 
Mach  2.5,  7«  Half  Angle 


Mach  2.5,  15-  Half  Angle 
Mach  2.5,  13*  naif  Angle 
Mach  2.5,  11-  Half  Angie 
Mach  2.5,  5*  Half  Angle 
Mach  2.5,  T  Half  Analo 


Mach  2.5,  7*  Half  Angle 

Mach  2.5,  15*  Half  Angle 
Mach  2.5,  13*  Half  Angle 
Mach  2.5,  11*  Half  Angle 
Mach  2.5,  9*  Half  Angle 
Mach  2.5,  7*  Half  Angle 


Plug  Nozzle  'A' 
Plug  Nozzle  'A' 
Plug  Nozzle  'A! 
Plug  Nozzle  'A' 
Plug  Nozzle  'A' 

Plug  Nozzle  'B' 
Plug  Nozzle  'B' 
Plug  Nozzle  'B' 
Plug  Nozzle  'B' 
Plug  Nozzle  'n' 


APPROXIMATE 
PRESSURE  RATIO 

25:1 

25:1 

25:1 

25:1 

25:1 

20:1 

20:1 

20:1 

20:1 

20:1 

17:1 

17:1 

17:1  Design 

17:1 

17:1 

15:1 

15:1 

15:1 

15:1 

15:1 

12:1 

12:1 

12:1 

12:1 

12:1 

25:1 

20:1 

17:1  Design 
15:1 
12:1 

25:1 

20:1 

17 :1  Design 
15 :  J 
12:1 


TEST  GAS 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Ni trogen 
Nitrogen 
Nitrogen 
Ni trogen 
Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 

Nitrogen 


y/  e 
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APPRCXIKA7T 


GROUP  NOZZLE  DESIGNATIONS _ PRESSOPP  RATIO  ~LS~  GAT 


VIII 

Plug  Nozzle  *C* 

25:1 

xitroge-z 

Plug  Nozzle  *C* 

20:1 

Sitrcoer 

Plug  Nozzle  *C* 

17:1 

Si  turves 

Plug  Xorzle  *C* 

15:3 

Fa  trogex 

Plug  Kozile  *C* 

12:1 

IX 

Mach  4.0,  15*  Half  Angle 

200:1 

Fitmger 

Mach  4.0,  11*  Half  Angle 

200:1 

nitrogen 

Mach  4.0,  7*  Half  Angle 

200:1 

Fltroges 

X 

Mach  4.0,  15*  Half  Angle 

150:1 

Nitrogen 

Mach  4.0,  XI*  Half  Angle 

150:1 

Design 

Kitroger, 

Mach  4.0,  7*  Half  Angle 

150:1 

Fitxcge*. 

XI 

Mach  4.0.  15*  Half  Angle 

100:1 

Fltrocer 

Mach  4.0,  11*  Half  Angle 

100:1 

Hifcrogex 

Mach  4.0,  7*  Half  Angle 

10C  :1 

Fitrocer: 

XII 

Mach  4.0,  15*  Half  Ancle 

50:1 

Ki  trcgez. 

Mach  4.0,  11*  Half  Angle 

50:1 

Fatrcgex 

Mach  4.0,  7*  Half  Angle 

50:1 

Fitrocex 

XIII 

Mach  4.0,  15*  Palf  Angle 

25:1 

Fltrcor' 

Mach  4.0,  11*  Half  Angle 

25:1 

Hitrogex 

Mach  4.0,  7*  Half  Angle 

25:1 

F;  trc«pc-: 

XIV 

Kach  2.5,  11*  Half  Angle 

35:1 

Argcc 

Mach  2.5,  11*  Half  Angle 

2R-.1 

Argwa 

Mach  2.5,  11*  Half  Angle 

25:1 

Design 

Argon 

Mach  2.5,  11*  Half  Angle 

21:1 

Argon 

Mach  2.5,  11*  Half  Angle 

17:1 

Areor 

XV 

Mach  4.0,  11*  Half  Angle 

80:1 

Nitrogen 

XVI 

Mach  4.0,  11*  Half  /Angle 

G0:1 

32  i  trcgex 

XVII 

Kach  4.0,  11*  Half  Angle 

40:1 

32 1  trOj>£-S 

XVIII 

Mach  2.5,  11*  naif  Angle 

13:1 

Design 

Freer.  13 

W 
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TABLE  II 

LIST  OF  NOZZLE  DESIGNATIONS 


NOZZLE  DESIGNATION  INTERPRETATION 


2.57 

Mach  2.5  Nozzle,  7®  Half  Angle 
Nitrogen  Test 

2.59 

Mach  2.5  Nozzle,  9°  Half  Angle 
Nitrogen  Test 

2.511 

Mach  2.5  Nozzle,  11°  Half  Angle 
Nitrogen  Test 

2.513 

Mach  2.5  Nozzle,  13®  Half  Angle 
Nitrogen  Test 

2.515 

Mach  2.5  Nozzle,  15®  Half  Angle 
Nitrogen  Test 

4.7 

Mach  4.0  Nozzle,  7"*  Half  Angle 
Nitrogen  Test 

4.11 

Mach  4.0  Nozzle,  11®  Half  Angle 
Nitrogen  Test 

4.15 

Mach  4.0  Nozzle,  15®  Half  Angle 
Nitrogen  Test 

Plug  'A' 

Plug  Nozzle  ’A",  Nitrogen  Test 
(See  Figure  7) 

Plug  *B» 

Plug  Nozzle  'B',  Nitrogen  Test 
(See  Figure  7) 

Plug  ’C' 

Plug  Nozzle  *C',  Nitrogen  Test 
(See  Figure  7) 

Argon  2.511 

Mach  2.5  Nozzle,  11®  Half  Angle 
Argon  Test 

Freon  2.511 

Mach  2.5  Nozzle,  11®  Half  Angle 
Freon  Test 

t 


ATR  2001 
PAGE  11 

TABLE  III 

TuRBIKE  AHD  NOZZLE  DATA 
COMPS  TO  ALL  TEST  CCHFIGORATIONS* 

Nozzle: 

fiotzle  Aagle . . .  16* 

Exit  Diane  ter . 28  inch 

Pitch  Diasseter .  5.96  inches 

Bob ber  of  Nozzles . . .  1.0 

Rotor: 

Pitch  Diameter . .  5.78  inches 

Blade  Angles  (inlet  and  exit} . .  25* 

Blade  Height . , .  0.42  inch 

Blade  Chore.... . . .  0.3  inch 

VssSmut  of  Slades........ . .  115 

Clearances: 

Rotor  Tip  Radial. . 050  inch 

Nozzle  To  Rotor . . .  0.035  inch 

Rotor  To  Exhaust  Bousing . . .  .  060  inch 

Gaa  Conditions 

Inlet  Temperature . . .  Approx.  20-60°F 

Inlet  Pressure . . . . .  Up  To  240  psia 


*Uniess  exception  noted 


NOT  REPRODUCIBLE 


HA- 22076 


FIGURE  3  TURBINE  TEST  RIG 


TYPICAL  NOZZLE  CROSS  SECTION 
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Gas  Flow 


\  ' 
\ 


\  \  N 


t  =  1.4 


Design 
Mach  No. 

Divergence 

Angle 

Dim. 

A 

Dim. 

E 

2.5 

14° 

:  .173 

.4439 

2.5 

18° 

.173 

.3441 

2.5 

22° 

.173 

.2804 

2.5 

26° 

.173 

.2361 

2.5 

30° 

.173 

.2034 

4.0 

14° 

.086 

.798? 

4.0 

18° 

.086 

,6188 

4.0 

22° 

.086 

.5042 

4.0 

26° 

.086 

.4245 

4.0 

30° 

.086 

.3657 

Dim. 

C 

.282 

.282 

.282 

.282 

.282 

.282 

.282 

.28? 

.232 

.282 


Dim  C  =  Constant  permits  identical  nozzle  height/blade  height 
ratio  for  both  expansion  ratios. 

Figure  g  Conical  Nozzles  Tested 


FIGURE  7  -  PLUG  NOZZLES  TESTED 


o  a 
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Blade  Tip 

/  6.195  in.  Dia. 

/ 

/ 


.280  in. 


Figure  8. 


CONICAL  NOZZLE  EXIT  AND  ROTOR  OUT  LINE 
LOOKING  THROUGH  ROTOR  BLADF.G 


■  X‘ ff n yK>t  wy—rtyf  yirv*i"i-i > wyirt*\*py  1  '  V '*  ^*r  ^'*' 
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EXPERIMENTAL  RESULTS  AND  DISCUSSION 


The  work  of  this  program  can  be  divided  into  three  phases 
or  subprograms: 


Phase  I  Noxzle  divergence  angle  evaluations  - 

7*  to  15*  half  angle.  (Pigure  6).  Five  nozzles 
of  design  roach  no  *  2  and  three  of  Mp  •  4-0 
were  tested. 


Phase  II  Evaluation  of  performance  of  three  styles  of  plug 
nozzles  (Figure  7) : 

Plug  Nozzle  "A"  -  Pointed  Plug 

Plug  Nozzle  "B"  -  Blunt  Plug 

Plug  Nozzle  "C"  -  2-dimensional  Half  Plug 

Phase  III  Tests  to  determine  the  effect  of  specific  heat 
ratio  on  performance.  Tests  were  made  at 
Y  «  1.18,  1.40,  1.68. 


Nominal  test  conditions  are  listed  in  Table  IV. 


BASIS  OF  COMPARISON 

In  this  study  the  measure  of  nozzle  influence  on  performance 
is  variation  of  turbine  efficiency  over  a  span  of  off- 
desiqn  pressure  ratios  ("Range";  good  range  indicates  small 
variation).  Other  measures  such  as  hydraulic  efficiency, 
nozzle  coefficient,  etc.  could  have  been  chosen.  Although 
not  always  strictly  correct  because  of  small  variations 
in  per  unit  losses,  efficiency  is  in  most  cases  a  valid  index. 
It  is  usually  plotted  against  velocity  ratio  (u/CD)  but 
sometimes  against  other  parameters. 

RESULTS  OF  DIVERGENCE  TESTS 

The  results  of  Phase  I  (divergence)  testing  are  summarized 
in  Figures  9  to  38. 

Md  =  2.5  nozzle  results  are  shown  in  Figures  9  to  13, 

19-23,  and  29-33.  They  show  peak  efficiency  is  maximized 
at  divergence  angles  of  11°  to  13"  (half  angle)  with  11* 
predominating  above  design  pressure  ratio  and  13"  below. 

The  difference  is  not  great,  however.  This  is  illustrated 
clearly  in  the  basic  plots  of  Figures  9-13  and  in  the 
efficiency  vs  divergence  cross  plots  of  Figures  19  to  23. 

Plots  summarizing  efficiency  vs  velocity  ratio  at  pressure 
ratios  above  and  below  design  for  different  nozzles 
(Figures  29  to  33)  clearly  show  off-design  efficiency 
trends  and  suggest  range  is  best  with  either  small  (7°) 
or  large  (15°)  half  angles,  dropping  slightly  in  between. 
However,  the  peak  efficiency  of  intermediate  angles  is 
significantly  greater  than  the  extremes  and  more  than 
makes  up  a  small  deficiency  in  range. 


gu&sTtmt  snows 
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The  tests  at  design  mack  no.  *  4.0  (for  r*  1.4? shore. 

In  Figures  14  to  18,  reveal  do  such  optum®*  di  vergeooe . 

The  performance  of  all  nozzles  is  very  similar  ;■  essentially 
independent  of  divergence  oe  or  off  design.  All  curves  cf 
any  given  pressure  ratio  are  closely  bondhed,  and  all 
efficiency  vs  divergence  angle  carves  (Figures  24-28)  are 
essentially  flat,  indicating  no  real  optiiasas*.  The  7* 
nozzle  shows  some  advantage  in  peak  efficiency  bet  this 
is  slight  and  may  not  be  significant.  The  summaries 
(Figures  34  to  38)  indicate  a  similar  conclusion;  little 
variation  in  off-design  performance  frost  angle  to  ancle. 
Though  somewhat  obscured  by  different  losses  it  appears  the 
range  capability  of  the  ho  *  4.0  nozzles  is  net  sc  great 
as  the  mach  2.5's,  at  least  not  as  good  as  the  best  ceses. 

The  Up  *  4.0  nozzles  were  tested  at  a  A?  four  times 

greater  than  the  *4o  *  2.5's  and  may  account  fust  seme  cf 
the  similarity  in  performance  shown  by  all  mach  .C  nozzles. 


FLOG  SOULES 

The  results  of  Phase  II  tests  are  summarized  in  Figures 
39  to  43.  The  twe  best  conical  nozzles  are  shown  ©c,  the 
same  plot  for  comparison.  These  tests,  particularly 
plug  nozzle  C ,  show  greater  than  average  scatter,  bet  the 
conclusions  are  obvious  and  not  affected.  Peak  efficiency 
and  range  are  inferior  to  all  Mjj  *  2.5  conical  nozzles 
tested.  Direct  comparison  is  valid  here  because  test 
conditions  were  identical. 

An  interesting  observation  is  that  plug  nozzles  rF* 

(blu^t  plug)  and  *C*  (half  plug)  exhibit  a  very  low  discharge 
coefficient  of  .60  to  .63,  suggesting  severe  contraction 
exists  in  this  type  design  as  in  sharp  edged  orifices. 


SPECIFIC  HEAT  RATIO 

The  results  of  Phase  III  (specific  heat)  tests  axe  summarized 
in  Figures  44  and  45.  Figure  44  shows  performance  with 
11*  half  angle  and  specific  heat  ratios  fro®  1.19  (Freer.  11} 
to  1.68  (Argon),  with  each  at  its  own  design  condition. 

It  suggests  a  maximum  in  efficiency  occurs,  probably  it 
y  -  1.4,  with  efficiency  dropping  off  above  and  below. 

The  Argon  and  Nitrogen  sunmary  plots  (Figures  45  and  31} 
show  substantially  better  range  for  the  Argon  (y  -  1.68} 
than  Nitrogen  (y  =  1.4),  suggesting  that  off-design 
performance  improves  with  increased  specific  heat  ratio. 

Peak  efficiency  is  less  in  most  cases  although  not  enough 
to  overcome  the  range  advantage  shown  by  the  higher  specific 
heat  ratio  gas. 


t&rrr  S’SK 


FIGURE  9 

TURBINE  EFFICIENCY 
VS 

VELOCITY  RATIO 
AT  25:1  P.R.  WITH 
NOZZLE  DIVERGENCE 
AS  PARAMETER 
2.5  P.R.D  -  17 
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FIGURE  10 

TURBINE  EFFICIENCY 
VS 

VELOCITY  RATIO 
AT  20:1  P.R.  WITH 
NOZZLE  DIVERGENCE 
AS  PARAMETER 

H  -  2.5  P.R.d  -  17 


-1.A 
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FIGURE  11 

TURBItt  EFFICIENCY 
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FIGURE  14 
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TABLE  IV 

NOMINAL  TEST  CONDITIONS 


Nozzle  Inlet  Exhaust  Pressure 
Pressure  psla  psla 
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P.R. 


Inlet 
Temp,  *f 


2.57 
2.59 
2.511 
2.513 
2.515 
Plug  A 
Plug  B 
Plug  C 

4.7 

4.11 

4.15 


Argon  2.511 


Freon  2.511 


60 

60 

60 

60 

60 

60 

60 

60 

240 

240 

240 

98 

•98 

98 

98 

98 

91 
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Zm  1  ®  » 

3.0  2  2 

3  c  VO 

•  5  uz 
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<  W 


1.2 

1.6 


a  n 
a  n 
o  0 

2.4 

1  o  fX 

9.6  h  ® 

K  W 

2.8 

3.5 
3.9 

4.6 
5.8 

7.1 
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25 

20 

17  des. 
15 
12 


200 

150  des. 
100 
50 
25 

35 

28 

25  des. 
21 
17 


20-70 
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20-70 
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0-60 
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12.8  des. 38-50 
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CONCLUSIONS 


1)  Turbines  with  low  mach  numbs r  supersonic  nozzles 
should  use  nozzle  half  angles  of  about  12*  to  optimize 
performance . 

2)  Performance  with  high  design  mach  number  nozzles 
appears  essentially  independent  of  nozzle  divergence. 

3)  Plug  and  contoured  nozzles  should  be  used  with  caution 
in  turbines:  Testing  of  three  types  showed  no 
performance  advantages. 

4)  Off-design  performance  improves  with  increased  specific 
heat  ratio. 

5)  Peak  efficiency  appears  to  exhibit  a  maximum  as  a 
function  of  specific  heat  ratio  (at  y  *  1*4)  although 
this  effect  is  small. 


RECOMMENDATIONS 


Since  this  effort  was  primarily  an  experimental  study  the 
discussion  and  conclusions  are  on  the  order  of  obvious 
observations.  The  large  quantity  of  data  were  organized 
in  only  an  elementary  way. and  a  thorough  theoretical 
analysis  and  interpretation  of  it  would  be  a  significant 
contribution  to  the  advancement  of  turbine  performance  and 
design. 
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SYMBOLS 

A  nozzle  area  in.^ 

CD  nozzle  discharge  coefficient  W-measured 

W-tneor etl ca5 

C0  isentropic  spouting  velocity  ft/a«c 


l>e  diameter  of  nozzle  exit  in. 

D*  diameter  of  no/zle  throat  in. 

M  mach  number 

P  static  pressure  psia 

Pt  total  pressure  psia 

PR  total  to  static  pressure 

ratio 

0  turbine  tip  speed  ft/sec 

W  nozzle  weight  flow  lb/sec 

ac  nozzle  cone  half  angle  degrees 


Y  gas  ratio  of  specific  heats 

nt  turbine  efficiency 

SUBSCRIPTS 

O  nozzle  entrance 

*  nozzle  throat 

e  nozzle  exit  plane 

D  design 
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APPENDIX  A 


GRAPHS  OP  INDIVIDUAL  TEST 
RESULTS  WITH  EMPIRICAL 
DATA  POINTS 
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O.N,R.  NOZZLE  RESEARCH  PROGRAM 


138 


NOZZLE 

DESIGNATION 

VELOCI ry 
RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EF f 

PRESSURE 

RATIO 

smoothed 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

2.515 

0. 190000 

0.464000 

0.090819 

24.660003 

0.463091 

0.195731 

2.515 

0.256000 

0.519000 

1.207016 

24.66G003 

0.531070 

2.325661 

2.515 

0.322000 

0.563000 

1.095366 

24.660003 

0.552046 

1.945589 

2.515 

0.391000 

0.504000 

2.280843 

24.660003 

0.526808 

4.525483 

2.515 

0.440000 

0.492000 

1.063806 

24.660003 

0.481361 

2.162207 

2.515 

0.196000 

0.496000 

2.471137 

23.680000 

0.471288 

4.982131 

2.515 

0.262000 

0.538000 

0.312376 

23.680000 

0.534876 

0.580624 

2.515 

0.326000 

0.549000 

0.287044 

23.680000 

0.551870 

0.522849 

2.515 

0.396000 

0.548000 

2.480865 

23.560001 

0.523191 

4.527125 

2.515 

0.439000 

0.476000 

0.650864 

23.560001 

0.482508 

1.367363 

THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 
THE  AVERAGE  ERROR  IN  PER  CENT 

10 

EFFICIENCY  IS  l. 
□F  EMPIRICAL  DATA 

194 

VALUE  IS  2. 

I 


KSISMIICM 

tins 


*OZ2L€  «€SE**Ch 


VELOCITY 

UTJS 


EVUIU. 
DATA  POINT 

smoothed 

DATA  POINT 


Of 


SCATTe* 
re*  cent  eff. 

SCATTE* 

*E*  CENT  VAL  • 


2.515 


19.475301 


2.515 


0.204000 


0.271000 


0.441000 


0.449854 


0.519000 


1.116198 


2.421255 


0.609932 


19.65000: 


2.515 


19.310901 


0.332000 


0.525099 


0.565000 


0.543565 


1.175302 


2.113438 


3.740598 


0.404000 


0.516000 


0.560343 


19.240001 


2.515 


0.440000 


0.510396 


0.460000 


1.085936 


1.293379 


19.180000 


0.472933 


2.811694 


THE  MUM8E*  OF  DATA  POINTS  IS  5 

the  average  e**o«  in  re*  cent  efficiency  *s  i. i3« 

the  AVE4AGE  E**0*  IN  re*  CENT  of  EMPIRICAL  DATA  VALUE  IS  2.246 


O.K.R.  NOZZl  £  RESEARCH  PROGRAM 


NOZZLE 

velocity 

EMPIRICAL 

SCATTER 

designation 

RATIO 

OATA  POINT 

PER  CENT  EFF 

PRESSURE  SNOOTriEO  SCATTER 

RATIO  DATA  POINT  PER  CENT  VAL* 


2. 515 

0.192000 

0.471000 

0.381523 

16.910003 

0.46713* 

0.810028 

2.515 

0.263000 

0.53*000 

0.2*8885 

16.910003 

0.536*88 

0.466077 

2.515 

0.331000 

0.531000 

0.16*985 

16.810001 

0.529350 

0.31070* 

2.515 

0.39*000 

0.502000 

2.0*9082 

16.910003 

0.481509 

4.081837 

2.515 

0 .*50000 

0.41*000 

0.885683 

16.910003 

0.422855 

2.139331 

THE  NUMBER  OF  DATA  POINTS  IS  5 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  0.7*6 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  1.561 


O.W-R.  NOZZLE  RESEARCh  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

empirical 

OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

2.515 

0.203000 

C. 516000 

5.277378 

14.800001 

0.463226 

10.227478 

2.515 

0.270000 

0.5210GQ 

0.168738 

14.800001 

0.522687 

0.3239 tQ 

2.515 

0.335000 

0.453000 

6.419340 

14.920000 

0.517195 

14.171171 

2.515 

0.405000 

0.4500CC 

0.410604 

15.030000 

0.445894 

0.912454 

2.515 

0.444000 

0.406000 

2.761865 

14.800001 

0. 3783P1 

6.802623 

THE  NUMBER  OF 

DATA  POINTS  IS 

5 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  3.007 

TH{  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  6.487 


O.N.R.  NC22LE 

RESEARCH  program 

N0Z2LL 

DESIGNATION 

VELOCITY 

RATIO 

EMPiniCAl 

data  point 

SCATTER 

PER  CENT  6FF. 

PRESSURE 

RATIO 

SMOOTHED 

OATA  POINT 

SCATTER 

PER  CENT  VAL, 

2-515 

0r2Qt0&0 

0.472000 

2.650094 

11 « 320001 

0.4*5499 

5. A J 4606 

2.515 

G. 2? 6 000 

0.479000 

3.705821 

11.820001 

0.516038 

7.732402 

2.515 

Oc 346000 

O.449C0O 

3.238106 

11.820001 

0.481361 

7.211818 

2.515 

0.4150C0 

0.362000 

0.04 *900 

11.820001 

0.361551 

0.124033 

THE  NUMBER  OF  OATA  P0TNT5  !S 
THE  AVERAGE  ERROR  IN  PER  CENT 

the  average  error  in  per  ceny 

EFFICIENCY  ?S  2. 
Or  EMPIRICAL  DATA 

*09 

VALUE  JS  5.170 

NOZZLE  RESEARCH  PROGtUN 


KOZZLE 

DESIGNATION 

/ELDCITY 

RATIO 

EMPIRICAL 

OAT A  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

OATA  POINT 

SCA  *  TER 

PER  CENT  VAL 

2.513 

3.124030 

0.359000 

0.998467 

U.  730003 

C. 360984 

2.7C1246 

2.513 

0.153000 

C. 423000 

1.256388 

2<- 730003 

0.4555' 3 

2*°7U185 

2.513 

0. 189000 

0*483900 

1.560145 

24.730003 

0,90360’ 

3c*  197G20 

2.513 

0.219000 

0.541000 

0.724554 

24.730033 

0.540245 

1.339287 

2.513 

0.251000 

0.568000 

1,61073? 

24.7*^003 

0.584107 

2.835796 

2.513 

0.288000 

0.596000 

1.495979 

24.730003 

0.61G859 

2.49325* 

2.513 

0.319000 

0.624000 

0.252664 

2*. 730003 

0.621473 

0.*  4049 10 

2.513 

0. 3*8000 

0.610000 

1.193952 

24.730003 

0.621939 

1.957299 

2.513 

0.384000 

0.606000 

0.416278 

24.730003 

0.610182 

0.686928 

2.513 

0.418000 

0.55900G 

2.786291 

24. V 3000 3 

0.536862 

4.98M20 

TKE  NUMBER  OF  DATA  POINT?  IS  10 

THE  AVERAGE  ERROR  IN  PER  CCNT  EFFICIENCY  !5  1.228 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  2.365 
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JH 

Q.N.R.  NOZZLE  RESEARCH  PROGRAM 

( 

NOZZLE 

DESIGNATION 

velocity 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

&ATIO 

SMOOTHED 
OATA  POINT 

SCATTER 

PER  CENT  VALc 

2,513 

0.129000 

0.378000 

0.460422 

*90002 

0.382604 

! .218047 

2.513 

0.161000 

0.442000 

1*620376 

15.780002 

0o458203 

3.666009 

T 

2.513 

0.196000 

0.515000 

0.895905 

19.780002 

0.523959 

1.739622 

2.5U 

0*231000 

0.593000 

2.027011 

19*780w02 

0.572729 

3.418231 

2  <513 

0.262000 

0.5690QC 

i*332M  7 

t  i 

19.780002 

0.602326 

2.262507 

' 

2.513 

0.29300C 

0.586000 

3.367209 

19.780002 

0.619672 

5.746091 

i 

2.513 

0.331000 

0.644000 

1.903784 

< 

s 

19.780002 

0.6249t*2 

2.956187 

2j513 

0.363000 

0.588000 

2.840948 

i 

19.780002 

0.616405 

4.831545 

2.513 

0.395000 

0.573000 

2.355421 

. 

19.76QQ02 

0.596554 

4.110682 

2.513 

0.431000 

0.582000 

2 . 060306 

19.790002 

0.561396 

3.540045 

2.513 

0.465000 

0.511000 

0. 541424 

15.780002 

0.516414 

1.059540 

f 

\ 

i 

THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 

the  average  ep,ror  in  per  cent 

1 

11 

EFFICIENCY  IS  1.764 

3F  EMPIRICAL  OATA  VALUE  IS  3.140 

/ 

l 

14S 


O.N.R .  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

2.513 

0.136000 

0.432000 

2.987462 

16. 4*90001 

0.402125 

6.915422 

2.513 

0.171000 

0.462000 

3.519731 

16.490001 

0**97107 

7.598986 

2.513 

0.200000 

0.541000 

1.275992 

16.490001 

0.553759 

2.358582 

2.513 

0.234000 

0.566000 

3.162575 

16.490001 

0.597625 

5*587588 

2.513 

0.269000 

0.656000 

3.538561 

16.49G001 

0.620614 

5.394148 

2.512 

0.304000 

0. t.  36000 

1.137769 

16.490001 

0.624622 

1.788945 

2.513 

0.337000 

0.612000 

0.220036 

16.490001 

0.614200 

0.359536 

2.513 

0  371000 

0.587000 

0.524652 

16.490001 

0.592246 

0.893785 

2.513 

0.405000 

0.531000 

3.112650 

16.490001 

0.562126 

5.661866 

2.513 

0.438000 

0.514000 

1.415662 

16.490001 

0.528156 

2.754245 

THE  NUMBER  OF 

DATA  POINTS  IS 

10 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.088 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  3.951 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE  VELOCITY 

DESIGNATION  RATIO 


PRESSURE 

RATIO 


EMPIRICAL  S-ATTEK 

DATA  POINT  PER  CENT  EFF 


SMOOTHED  SCATTER 

DATA  POINT  PER  CENT  VAL 


2.513 

0.132000 

0.404000 

2.205318 

14.960001 

0.426053 

5.458706 

2.513 

0.170000 

0.4930C0 

1.667517 

14.960001 

0.509675 

3.382388 

2.513 

0.203000 

0.536000 

2.881014 

14.840000 

0.564810 

5.375028 

2.513 

0.240000 

0.612000 

0.408184 

14.840000 

0.607918 

0.666968 

2.513 

0.260000 

0.619000 

0.421035 

14.960001 

0.623210 

0.680186  ~ 

2.513 

0.273000 

0.650000 

1.979816 

14.960001 

0.630201 

3.045871 

2.513 

0.307000 

0.636000 

0.174152 

14.960001 

0.637741 

0.273825 

2.513 

0.339000 

0.625000 

0.600087 

14.960001 

0.631000 

0*960140 

2.513 

0.377000 

0.596000 

1.017964 

14.960001 

0.606179 

1.707993 

2.513 

0.406000 

0.571000 

0.437700 

14.960001 

0.575377 

0.766551 

2.513 

0.449000 

0.506000 

0.555145 

14.960001 

0.511551 

1.097126 

THE  NUMBER  OF  DATA 
THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 

IN  PER  CENT 
IN  PER  CENT 

11 

EFFICIENCY  IS  1. 
OF  EMPIRICAL  DATA 

12,^ 

VALUE  IS  2. 

14-7 


O-N.P.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 
RAI 10 

empirical 

OATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

RATIO 

SMOOTHED 
OATA  POINT 

SCATTER 

PER  CENT  VAL. 

2.513 

0.13800C 

0.405000 

1.085239 

11.970001 

0.39414? 

2.679604 

2.513 

0.172000 

0.487000 

0.407379 

11.970001 

0.491073 

0.836508 

2.513 

0.209000 

0.548000 

0.474858 

12.C70001 

0.563251 

0.836018 

2.513 

0. 249000 

0.594000 

1.150679 

12.070001 

0.605506 

1.937171 

2.513 

0.276000 

0.643000 

2.808022 

12.070001 

0.614919 

4.367065 

2.513 

0.317000 

0.62700C 

2.481270 

12.070001 

0.602187 

3.957368 

2.513 

0.351000 

0.569000 

0.073862 

12.070001 

0.569738 

0.129810 

2.513 

0.38600C 

0.556000 

3.795147 

12.070001 

0.51604S 

6.825804 

2.513 

0.428000 

0.501000 

6.604076 

12.070001 

0.434959 

13.181789 

2.513 

0.462000 

0.362000 

0.839769 

12.070001 

0.353602 

2.319806 

the  number  of  oata 

THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 
IN  PER  CENT 

10 

EFFICIENCY  IS  1. 
CF  EMPIRICAL  OATA 

972 

VALUE  IS  3.707 

I 
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O.N.R.  nozzle  research  program 


NOZZLE 
OESIG^Al  ION 


PRESSURE 

RATIO 


VELOCITY 

RATIO 


EMPIRICAL 
DATA  POINT 


SMOOTHED 
DATA  POINT 


SCATTER 
PER  CENT  EFF. 

SCATTER 
PER  CENT  VAl, 


2.511 
25.000003 
2.511 
25.000003 
2.511 
25.000003 
2.511 
25.060001 
2.511 
24.870002 
2.511 
25.210002 
2.511 
23.250003 
2.511 
22. 730003 
2.511 
24.680000 
2.511 
24.580001 
2.511 
24.080001 


0.127000 


0.188000 


0.157000 


0.222000 


0.255000 


0.281000 


0.317000 


0.253000 


0.288000 


0.322000 


0.358000 


0.370000 

0.366285 

0.541000 

0.502585 

0.453000 

0.439443 

0.583000 

0.557628 

0.584000 

0.597193 

0.632000 

0.618986 

0.660000 

0.635863 

0.598000 

0.637716 

0.634000 

0.623466 

0.639000 

0.637008 

0.636000 

0.636811 


0.371420 

1.003839 

3.841484 

7.100710 

1.355666 

2.992640 

2.537203 

4.351978 

1.319372 

2.259200 

1.301360 

2.059114 

2.413666 

3.657070 

3.971648 

►  4Mk«l 

6.641553 

1.053345 

1.661427 

0.199115 

0.311604 

0.081145 

0.127587 


l 


O.N.*.  H3ZZLE  r.£S£4>CH  PR 06AA* 


NOZZLE 

DESIGNATION 


VELOCITY 
HAT  10 


EMPIRICAL 
DA T A  POINT 


SCATTf* 

Pf*  CENT  iff 


PHESSUAE 

tATIO 


SMOOTHED 
DATA  POINT 


SCAT TEA 
PE*  CENT  vail 


2.511 

23.8COOC 

2.511 


553000 

5.410000 


0.643000 

0.628116 

0.626000 


S.4MM 
I.OISM1 
2. 15085  T 


23.600002 


0.604441 


3.A3S87* 


THE  MUNOEft  Ot  OAI A  POINTS  iS  13 

THE  AVENAtrE  EMOK  IN  PEN  CBlT  EFFICIENCY  IS  2.006 

THE  AVENAfGE  EMtOR  IN  PE*  CENT  OF  EMPItlCi*.  DATA  VALUE  IS  3. 


356 


f 

' 

I5d 

l 

O.N.R.  NQ2ZLE 

RESEARCH  PROGRAM 

NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

( 

DESIGNATION 

RATIO 

OATA  POINT 

PER  CENT  EFF. 

PRESSURE 

SMOOTHED 

SCATTER 

\ 

l 

i 

RATIO 

DATA  POINT 

PER  CENT  VAL. 

k 

2.511 

0.387000 

0.652000 

3.877270 

1  i 

22.370002 

0.613227 

5.946734 

2.511 

0.424000 

0.631000 

5.231548 

22.200000 

Oc 578684 

8.290885 

2.511 

0.446000 

0.574000 

2.232778 

21.960002 

0.551672 

3.889858 

2.511 

0.132000 

0.436000 

2.201760 

19.660003 

0.413982 

5.049908 

2.511 

0.165000 

0.460000 

2.814639 

19.730003 

0.488146 

6.118780 

2.511 

0.198000 

0.554000 

0.723362 

i 

19.830001 

0.546766 

1.305707 

2.511 

0.233000 

0.64800C 

5.536938 

19.900001 

0.592630 

8.544658 

2.511 

0.264000 

0.600000 

1.980567 

19.830001 

0.619805 

3.30C945 

2  511 

0.295000 

0.628000 

0.687360 

19.830001 

0.634873 

1.094523 

2.511 

0.331000 

0*672000 

3.415453 

19.630001 

0.637845 

5.082521 

2.511 

0.394000 

0.589000 

1.877045 

( 

! 

1 

19.630001 

0.607770 

3.186834 

J 

•  (  j 

15  1 

0.4. II.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL. 

2.511 

0.432000 

0.587000 

1.759374 

19.630001 

0.569406 

2.997231 

2.511 

0.462000 

0.504000 

2.512324 

19.250003 

0.529123 

4.984770 

The  NUMBER  OF  DATA  POINTS  IS  13 

.HE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.680 

The  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  4.599 


/  52 


OcN 

•  ft.  NOZZLE  RES! 

EARCH  PROGRAM 

NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  EFF 

PRESSURE 

SMOOTHES 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL 

2.511 

0.1340C0 

0.363000 

2.336228 

17.140003 

0.386362 

6.435890 

2.511 

0.167000 

0.474000 

0.721204 

17.050003 

0.481212 

1.521528 

2.511 

0.201000 

0.574000 

2.287066 

17.050003 

0.551129 

3.984436 

2.511 

0.234000 

0.668000 

7.295239 

17.000003 

0.595047 

10.921016 

2.511 

0.267000 

0.588000 

3.037953 

17.140003 

0.618379 

5.166588 

2.511 

0.301000 

0.568000 

3.602445 

16.860000 

0.624024 

6.126608 

2.511 

0.332000 

0. 644000 

2.837849 

17.000003 

0.615621 

4.406598 

2.511 

0.367000 

0.564000 

2.978086 

16.810201 

0.593780 

5.280296 

2.511 

0.402000 

0.617000 

5.475259 

16.870002 

0.562247 

8.874002 

2.511 

0.436000 

0.508000 

1.769340 

16.750003 

0.525693 

3.482953 

2.511 

0.471000 

0.536000 

5.057186 

16.660003 

0.485428 

9.435049 

THE  NUMBER  OF  DATA 

POINTS  IS 

11 

THE  AVERAGE  ERROR 

IN  PER  CENT 

EFFICIENCY  IS  3. 

399 

THE  AVERAGE  ERROR 

IN  PER  CENT 

OF 

EMPIRICAL  OATA 

VALUE  IS  5. 

/ 


O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

OATA  POINT 

SCATTER 

PER  CENT  VAL 

2.511 

0.135000 

0.446000 

2.376252 

14.870000 

0.422237 

5«l32?9i9 

2.511 

0.168C0C 

0.480000 

0.924533 

14.070000 

0.489245 

1.926111 

2.511 

0.203000 

0.545000 

0.108611 

15.230001 

0.543913 

Oe  199287 

2.511 

0.238000 

0.627000 

4.474688 

15.150001 

0.582253 

7.136663 

2.511 

0. 274000 

0.598000 

0.724959 

15.030000 

0.605249 

1.212306 

2.511 

0.305000 

0.569000 

4.315960 

15.110000 

0.612139 

7.585168 

2.511 

0 .337000 

0.627000 

1.978123 

14.920000 

0.607218 

3.154901 

2.511 

0.376000 

0.660000 

7.476736 

15.000001 

0.58523 2 

11.328388 

2.511 

0.410000 

0.577000 

2.467048 

15.000001 

0.552329 

4.275648 

2.511 

0.439000 

0« 530000 

1.543593 

15.000001 

0.514564 

2.912440 

2.511 

0.477000 

0.421000 

3.112632 

15.070001 

0.452126 

7.393425 

THE  NUMBER  OF 

DATA  POINTS  IS 

11 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.682 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  4.768 


O.Jicft.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCAT  TER 
»ER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAl 

2.511 

0.1^9000 

0.365000 

2.790737 

12.000001 

0.392907 

7.645856 

2.511 

0.175000 

0.467000 

1.129633 

11.940000 

0.478296 

2.418915 

2.511 

0.211000 

0.565000 

i. 091228 

12.000001 

0.534087 

5*471200 

2.511 

0.237000 

0.503000 

5.448008 

12.100000 

0.557480 

10.831031 

2.511 

0.279000 

0.567G00 

0.115907 

12.040000 

0.568159 

0.204421 

2.511 

0.318000 

0.538000 

1.331329 

11.900001 

0.551313 

2.474590 

2.511 

0.354000 

0.519000 

0.309634 

11.900001 

0.515903 

0.596597 

2.511 

0.385000 

0.468000 

0.423467 

11.900001 

0.472234 

0.904844 

2.511 

0.421000 

0.289000 

11.958862 

12.000001 

0.408588 

41.380149 

2.511 

0.458000 

0.302000 

2.927353 

11.940000 

0.331373 

9,726335 

2.511 

0.492000 

0.230000 

2.233228 

11.950000 

0.25233 2 

9.709686 

THE  NUMBER  OF  DATA 
THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 
IN  PER  CENT 

11 

EFFICIENCY  IS  2. 
OF  EMPIRICAL  DATA 

888 

VALUE  IS  8. 

305 


O.N 

.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DCS  I GNAT  ION 

VELGCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  SFF 

PRESSURE 

RAT  IC 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

0. 191300 

0.449Q0C 

3.536767 

25  > 37000? 

0.484367 

7.876987 

?o59 

0.256000 

0.556000 

2.023733 

24,850002 

0.576237 

3.639807 

2.59 

0.312000 

0.617000 

0.395596 

25.080001 

0.613044 

0.641160 

2.59 

0.385000 

0.542000 

5.779684 

25.080001 

0.599776 

10.663623 

2.59 

0.45000C 

0.528000 

0.9C5478 

25.080001 

0.537054 

1.714920 

the  number  of  data 

TH£  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 

5 

EFFICIENCY  IS  2 

.528 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  !S  <.Q 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

2.59 

0.197000 

0.540000 

1.697480 

20.230903 

0.523025 

3.143483 

2.59 

0.263000 

0.580000 

1.301777 

20.230003 

0.593017 

2.244444 

2.59 

0.328000 

0.565000 

4.370964 

20.400001 

0.608709 

7.736219 

2.59 

0.396000 

0.559000 

1.465440 

20.400001 

0.573654 

2.621538 

2-59 

0.434000 

0.513000 

2.008426 

20.400001 

0.533084 

3.915061 

THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 

the  average  error  in  per  cent 

5 

EFFICIENCY  IS  2. 
OF  EMPIRICAL  DATA 

168 

VALUE  IS  3. 

/57 


O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

2.59 

0.199000 

0.524000 

1.095748 

16.900001 

0.513042 

2.091122 

2.59 

0.265000 

0.584000 

0.353264 

16.900001 

0.580467 

0.604905 

2.59 

0.332000 

0.565000 

0.892090 

16.670002 

0.573920 

1.578922 

2.59 

0.400000 

0.480000 

3.543163 

16.850002 

0.515432 

7.381799 

2.59 

0.443000 

0.437000 

2.619391 

16.530002 

0.463193 

5.994031 

THE  NUMBER  OF  DATA  POINTS  IS  5 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.700 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  3.530 


i 


NOZZLE 

DESIGNATION 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 

VELOCITY  EMPIRICAL 

RATIO  DATA  POINT 

/$£ 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL. 

2.59 

0.205000 

0.475000 

2.501100 

14.550001 

0.500011 

5.265474 

2.59 

0.271000 

0.543000 

0.142324 

14.420000 

0.544423 

0.262106 

2.59 

0.340000 

0.557000 

1.869201 

14.240001 

0.538308 

3.355838 

2.59 

0.4130^0 

0.449000 

2.910608 

14.300001 

0.478106 

6.482423 

2.59 

0.451000 

0.388000 

3.857440 

14.050001 

0.426574 

9.941856 

THE  NUMBER  OF  OATA  POINTS  IS 

5 

THE  AVERAGE  ERROR  IN  PER  CENT 

EFFICIENCY  IS  2.256 

THE  AVERAGE  ERROR  IN  PER  CENT 

OF 

EMPIRICAL  DATA  VALUE  IS  5.061 

( 


/ 


/Si 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  PUINT 

PER  CENT 

2.59 

0.210000 

0.512000 

3.137570 

11.340000 

0.480624 

6.128067 

2.59 

0.279000 

0.534000 

3.261185 

11.340000 

0.501388 

6*107089 

2.59 

0.354000 

0.422000 

2.433574 

11.230001 

0.446335 

5.766763 

2.59 

0.418000 

0.434000 

8.092798 

12.230001 

0.353U72 

18.646999 

2.59 

0.443000 

0.354000 

4.545605 

12.140001 

0.308543 

12.840692 

THE  NUMBER  OF  DATA  POINTS  IS  5 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  A. 294 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  9.897 


I 


U.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

OATA  POINT 

SCATTER 

PER  CENT  VAL 

2.57 

0.196000 

0.472000 

1.077711 

24.870002 

0.461222 

<•283288 

2.57 

0.251000 

0.530000 

0.471222 

25.910003  0.534712  0.889099 

2.57  0.318000  0.572000  0.339651 


25.700000 

0.568603 

0.593795 

2.57 

0.378000 

0.568000 

1.862168 

25.290000 

0.549378 

3.278465 

2.57 

0.449000 

0.471000 

0.184631 

25.290000 

0.469153 

0.39199* 

THE  NUMBER  OF  OATA 

THE  average  error 

THE  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 
IN  PER  CENT 

5 

EFFICIENCY  IS  0. 
OF  EMPIRICAL  DATA 

787 

VALUE  11  1. 

t 


2.57 

20.360000 

2.57 

20.400001 

2.57 

20.2)0001 

2.57 

20.500001 

2.57 

20.500001 


9.195000 

9.26)903 

0.3269CC 

0.597990 

C. 46 l 900 


0.461&9G 

9.40100) 

9.56)933 

0.5504)1 

0.505009 

0.542429 

0.529030 

9.52)136 

0.442090 

9.46)661 


2.8KM' 
4.51.2577 
1.256254 
2.232«)2 
2.257913 
3.056142 
3.56931 1 

I.114g&>« 

3.144.151 
0.  *50657 


THE  IMUE*  OF  DATA  F01«TS  ?$  5 

THE  AVEOAOE  EMtOA  1*  CBTT  EFF ICIfAC*  IS  1.265 

TK  AVEOASE  ERftOt  19  FEt  CEO!  OF  EM»I*ICAl  OAfA  2)  2^ IS 


Ul 


G.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

data  POINT 

PER  CENT  EFF 

PRESSURE 

RATIO 


SMOOTHED  SCATTER 

DATA  POINT  PER  CENT  VAL* 


2.57 

0^200000 

0.493000 

0.445854 

17.480003 

0.497458 

0.904370 

2.57 

0.270000 

0.552000 

0.493061 

17.620002 

0.556930 

0.893227 

2,57 

0.334000 

0.548000 

1.014173 

17.480003 

0.537858 

1.850630 

2.57 

0.846000 

0.483000 

0.051182 

17.62000? 

0,483511 

0.105967 

2.57 

0.470000 

0.300000 

1.446962 

17.620002 

0.365530 

3.607796 

THE  NUMBER  OF  DATA 
THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 
IN  PER  CENT 

5 

EFFICIENCY  IS  0. 
OF  EMPIRICAL  DATA 

690 

VALUE  IS  1. 

( 


I 


^  y  tgy^EMy-  ?rfW-#f-8yiPi^^ 


^«i*  *  moukHSIS 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 

NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT 

PRESSURE 

RATIO 


SMOOTHED  SCATTER 

OATA  POINT  PER  CENT  VAL . 


* 

• 

** 

0.112000 

0.286000 

0.027829 

204*000030 

0.285721 

0.097305 

4. IS 

0. lb 7000 

0.400000 

0.374382 

208.000030 

0.403743 

0.935956 

4.15 

0.221000 

0.480000 

0.840860 

208.000030 

0.488408 

1.751793 

4.15 

0.111000 

0.291000 

0.774049 

209.000030 

0.283259 

2.659965 

4.15 

0.167000 

0.393000 

1.074385 

209.000030 

0.403743 

2.733806 

4.15 

0.224000 

0.481090 

1.126533 

208.000030 

0.492265 

2.342066 

4.15 

9.289000 

0.564000 

C. 836074 

208.000030 

0.555639 

1.482401 

*.15 

0.339900 

0.585900 

0.475204 

208.000030 

0.580247 

9.8:2314 

4.15 

9. 392000 

0.694000 

t . 770770 

217.999030 

0.  58-6292 

2.53173V 

*. IS 

3.421099 

9.562003 

0.01451 7 

21T.020C30 

9. 551554 

0.02522* 

4.15 

i.  3970^5 

0.560009 

0.5t9s-4‘ 

2  it.  0090  >L 

2. 5858*1 

l.'. 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

OATA  POINT 

SCATTER 

PER  CENT  VAL 

4.15 

0.342000 

0.582000 

0.088405 

216.000030 

0.581115 

0.151899 

4.15 

0.284000 

0.525000 

2.707541 

216.000030 

0.552075 

5.157221 

4.15 

0.230000 

0.497000 

0.272238 

216.000030 

0.49972 2 

0.547763 

4.15 

0.175000 

0.447000 

2.883470 

216.000030 

0.416165 

6.450716 

4.15 

0.113000 

0.289000 

0.082784 

216.000030 

0.288172 

0.266452 

THE  HUMBER  Of  DATA  POINTS  IS  16 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  0.871 

ThE  AVERAGE  ERROR  IN  per  CENT  OF  EMPIRICAL  data  value  IS  1.836 


c 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


U  1 


i 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  ETF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  y&L 

4.15 

0.116000 

0.301000 

0.31  '.466 

141.400024 

0.304144 

1.044744 

4.15 

0.175000 

0.441000 

2 .06 i587 

141.400024 

0.420384 

4.A74801 

4.15 

0.229000 

0.487000 

0.741279 

156.500030 

0.494412 

1.522133 

4.15 

0.290000 

0.526000 

1.910031 

140.600016 

0.545100 

3.631236 

4.15 

0.349000 

0.550000 

i. 518821 

140.600018 

0.565 IBfe 

2.761494 

4.15 

0.407000 

C. 567000 

0.558006 

132.50*030 

0.561419 

0.964139 

4.15 

0. 350000 

0.573000 

0.769126 

136.500030 

0.565  30* 

1.342260 

-.15 

0.29200C 

0.560000 

3.i777«3 

140.600018 

t. 546222 

5.623765 

4.15 

3. *31000 

0.«53OuC 

4.360563 

135, *00324 

0.496  605 

9.625967 

4.  ;s 

0.17*03*3 

0.461005 

3.734463 

135. *00524 

5.423*55 

8.1 05*  95 

4. 

3. 11 9000 

0.245050 

1.60107t 

14 .o^ott 

0.31 1010 

5.4*73?? 

I Ht  AU"®.**  0* 

Ua  7U^S  IS 

11 

T*t  A t'ri vV*  t**D»  3%  :fw!  E**IC1EAC«  is  ;.»> 

T-H*  «»£***£  f*LD»  !9  wt  L€%T  Tjf  iiU  4*^. J£  3S  *.»i 
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O.N.*.,  NOZZLE  RESEARCH  PROGRAM 


iki 


*OZ2LE 

DESIGNATION 

rfELQCIT* 

"  AT !  0 

EMPIRICAL 

DATA  POINT 

SCAT  «£R 

PER  CENT  EPF 

PRESSURE 

RATIO 

SMOOTHES) 

CAfA  POINT 

SCATTER 

PER  CENT  VAL 

4.15 

0.119009 

0.29*900 

G. 620871 

95.400009 

0. 30220ft 

2.097540 

4.15 

0.173000 

0.319000 

8.012140 

97.500015 

0.399121 

25.11*428 

4.15 

0.234000 

0.532000 

3. 195057 

95.400009 

0. 460049 

9.7*514* 

4.15 

0.297000 

0.547090 

2. -.08433 

95.OJV015 

C. 522915 

4.402986 

4.»5 

0.35*000 

0.545000 

2 . 7908*4 

93.090015 

0.517090 

5. 121025 

4.15 

0.398000 

0.4*500© 

1.638734 

93.000015 

9.481397 

3.524l*c- 

4.15 

0.353000 

0. 5000^0 

1.858783 

94. *9000* 

9.51858? 

3.7175*6 

4.15 

o.ri7>c© 

0.59300© 

1.95157C 

93. V00099 

0.-22915 

3.959364 

4.15 

0.23*00© 

C.4  7  9©£>© 

C. 10493? 

94.  *0009* 

0.480&45 

0.219©*- 

4.  15 

0.175003 

5.4D4001-: 

0.17027* 

94.4.009©* 

S.  4-3229’ 

0.4214*2 

4.15 

3.  USE©© 

0. 337003 

3.*t*?»5 

12 

C. 330731 

10.  V l  Z>tZ  i 

r*1t  RU^E*  EF  DATA 
T-€  *  ir»  E>.*:3» 

lit  nfUV:  t*»0» 

*CI*TS  !  5 

1%  PE*  Cr%I 

1%  Pf* 

11 

l«St:5K?  IS  2. 
✓  amiTIU:.  DATA 

>ii 

*A.Jt  7  S  t.. 

i.Z  v* 


Kc'l 

J 

| 

O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

j 

c 

NOZZLE 
0ES1GNAT  ION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL, 

4.15 

0.120000 

0.294000 

1.473248 

47.200004 

0.3067  32 

5.011048 

4.15 

0.190000 

0.400000 

0.446838 

47.100006 

0.395531 

1.117095 

4.15 

0.24*01*0 

0.391000 

1.25337 2 

47.000007 

0.403533 

3. 205556 

4.15 

0.309000 

0.3570CC 

0.441426 

46.900001 

0.361414 

1.2364S7 

4.15 

0.370000 

0.260000 

0.594043 

*6.900001 

0.285940 

2.121585 

4.15 

C. 34*000 

0.316&G0 

0.017482 

46.90CO51 

0.31*174 

0.055322 

4.15 

0.305000 

0.361000 

0.432503 

C.  765  325 

1.198070 

4.15 

0.245000 

0.426002 

2.272552 

*6.300003 

2.403274 

5.3346  30 

4.15 

0-I66&9C 

0.4iSODO 

2.493227 

44.J93CJ* 

9.343067 

5.964657 

*.I5 

&.i22£*< 

0.30300C 

0.954563 

45 .600025 

0.312595 

3 . 1 o‘«  7  5 

'**$  W LWRti  t>F  CAT*  ^2!«S  I' 

'  •“ €  l.ftlli  »t*v*  1 4  r?t  TEA* 
K  :«  ??*  tr%f 

"  A 
•  %" 

efficient  is  i. 

Of  r*S> 1 4 1 C  At  ZA’l 

S3* 

»A.Jt  iS  2.64  1 
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G.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 


VELOCITY 

RATIO 


EMPIRICAL 
DATA  POINT 


SCATTER 
PER  CENT  EPF. 


PRESSURE 

RATIO 


SNOOTHEO  SCATTER 

DATA  POINT  PER  CENT  VAL. 


A. IS 

23.003003 
A. IS 

22.90000 l 


0.127000 


0.195000 


0.273000 

0.2*2996 

0.3AAOOO 

0.3A3992 


0.000321 
C. 001178 
0.00077A 
0.002252 


THE  NUMBER  OF  DATA  POINTS  IS  2 

the  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  0.000 

The  average  error  in  per  CENT  OF  EMPIRICAL  data  value  is  o.c 


/? 


U.N.K.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.11 

0.107000 

0.282000 

1.958072 

197.0000)0 

0.301580 

6.943520 

4.11 

0.165000 

0.413000 

0.640213 

198.700012 

0.419402 

1.550153 

4.11 

0.225000 

0.485000 

1.922172 

197.0000)0 

0.504221 

3.963242 

4.11 

0.282000 

0.57)000 

1.945114 

197.0000)0 

0.553548 

3.394615 

4.11 

0.)40000 

0.559000 

1.714730 

199.9000)0 

0.57614? 

3.067496 

4.11 

0.401000 

0.578000 

0.410723 

199.5000)0 

0.573892 

0®  710594 

4.11 

0.401000 

0.549000 

2.489281 

199.5000)0 

0.573892 

4.534210 

4.11 

0.542000 

0.562000 

0.552570 

199.70001? 

0.57647*. 

0.9494  34 

4.11 

0.244000 

0.578000 

2.322936 

197.800018 

0.554770 

4.018920 

4.11 

0.227000 

0.53)000 

2.655351 

199.5000)0 

0.506446 

4.981897 

4.  11 

0.155000 

0.418000 

1.629358 

19£. 700012 

0.  4vl  706 

3.8 -T967 

O.X. R.  NOZZLE  RESEARCH  PROGRAM 


nz 


ft 

f 

1 


NCZZLc 

DESIGNATION 

PRESSURE 

RATIO 


VELOCITY 

RATIO 


0.115000 


empirical 

DATA  POINT 

SMOOTHED 
OATA  *0 INT 


0.312000 

0.32006* 


SCATTER 
PER  CEXT  EFF. 

SCATTER 
PER  CEXT  VRL. 


THE  NUMBER  OF  OATA  POINTS  IS  12 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.SB7 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  OATA  VALUC  IS  3.383 


f 

1 

w 

£ 


i 


Mt>'  tf  iflts 


\ 


K 

i 


? 


# 


0,9.*.  *L.**ti 

*?  if  6®s*>  *6£i£*jfc* 

«S22ii 

0€ ion 

VdOtlfr 

fwj*  jCig. 

9*T*  •©!*!? 

SHE  *  *#5, 

p*fssy*.€ 

«LA!1C 

SMOfcTae* 

SA*9  OOfVf 

SCOTTY* 

OtO  CfV*  **t 

4.11 

0.111000 

9.29009C 

5. 964233 

149.699J©6 

9.  264642 

3.  3*»9»y 

4.11 

9.166000 

8.6510X 

0.261116 

1*9.§60C9* 

0.601611 

0.65  U62 

4.11 

9.231900 

0.464006:' 

1.0*6901 

14  9.690905 

9.4*321* 

2.1 ‘*9*61 

4.H 

9.266003 

9.316005 

0.3003 '*  3 

i vs. 39901* 

S. 319091 

5*.  561*53 

4,11 

9-346900 

9.35 6005 

2.023609 

I49.c09006 

9.52*745 

5.590945 

4.11 

9.496005 

a.^<MH»9C 

2.264727 

149. £>00006 

9.310697 

4.651009 

4.11 

9.41900© 

9.50*005 

9.465*7$ 

149.600906 

0. 502 391 

9.909923 

4.11 

0.496905 

9.4*900., 

2.974301 

149.600006 

0.509743 

4. '*1925 

4.11 

0.397900 

C.5)’9X 

2.366*1* 

149.600006 

0.5134H 

4. 39251 3 

4.11 

0.335990 

9.342009 

1.456145 

149.600C06 

0.52744* 

2.66476} 

*.11 

0.294000 

0.45  ?©9G 

2.996444 

147.700012 

0.5219*4 

5.9ii473 

C 


O.N.R.  NUZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

FMPIRICAL 
OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.11 

0.234000 

0.476000 

0.98683 2 

149.600306 

0.485868 

2.073177 

4.11 

0.173000 

0.424000 

0.966328 

149.600006 

0c414336 

2.279076 

4.11 

0.118000 

0.322000 

0.696498 

150*200012 

0.315035 

2.163038 

THE  NUMBER  OF  DATA  POINTS  IS  14 

me  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.401 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  2.943 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


/?-/ 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.11 

0.234000 

0.476000 

0.986832 

F9. 600006 

0.485868 

2.073177 

4.11 

0.173000 

0.424000 

0.966328 

149.600006 

0.414336 

2.279076 

4.11 

0.118000 

0.322000 

0.696498 

150^200012 

0.315035 

2.163038 

THE  NUMBER  OF  DATA  POINTS  IS  14 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.401 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  2.943 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.11 

0.351000 

0.518000 

0.819242 

100.500015 

0.526192 

1.581548 

4.11 

0.296000 

0.506000 

1.933098 

100.100006 

0.525331 

^820352 

4.11 

0.232000 

0.499000 

2.^1856 

100.500015 

0.478381 

^3197o 

4.11 

0.176000 

0.385000 

1.930701 

100.500015 

0.404307 

5.014810 

4.11 

0.120000 

0.293000 

1.352310 

100.500015 

0.306523 

4.615393 

4.11 

0.113000 

0.300000 

0.703013 

99. 700012 

0.292969 

2.343377 

4.11 

0.168000 

0.411000 

1.936835 

99. 7000 i? 

0.391631 

4.712494 

4.11 

0.231000 

0.500000 

2.269423 

99.700012 

0.477305 

4.538846 

4.11 

0.289000 

0.501000 

2.144420 

99.700012 

0.522444 

4.280281 

4.U 

0.348000 

0.517000 

1.020241 

95.700012 

0.527202 

1.973386 

4.11 

0.411000 

0.491000 

1.342273 

99.700012 

0.477577 

2.733753 

t 
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O.N.P.  NOZZLE  RESEARCH  PROGRAM 

NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  EFF. 

PRESSURE  SMOOTHED  SCATTER 

RATIO  DATA  POINT  PER  CENT  VAL. 


4.11 

0.426000 

0.464000 

0.759470 

100.100006 

4.11 

0.411000 

0.456405 

0.479000 

1.636790 

0.142270 

96.120010 

0.4775  77 

0.297015 

THE  NUMBER  OF  DATA  POINTS  IS  13 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.416 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  3.206 
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O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

% 

c 

NG7/LF 

DES IGNAT  ION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF. 

1 

< 

$.■ 

<*■ 

1 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL, 

\ 

S' 

4.11 

0.115000 

0.271000 

2.266502 

i 

f 

80.100C06 

0.248134 

8.437280 

3 

i 

I 

j 

* 

St, 

£ 

4.11 

0.173000 

0.316000 

1.103657 

f. 

i 

77.200012 

0.304963 

3.492587 

H 

X 

l 

% 

m 

l 

i 

4.11 

0.237000 

0.368000 

2.394062 

i 

& 

¥ 

72.500015 

0.344059 

6.505604 

i 

# 

4.11 

0.310000 

0.317000 

3.104683 

<- 

76.500015 

0.348048 

9.794566 

i 

e- 

1 

4.11 

0.352000 

0.345000 

1.885903 

| 

1 

74.200012 

0.326141 

5.466365 

1 

H 

f. 

£ 

1 

4.11 

0.420000 

0.233000 

1.291632 

jfc' 

Si 

I 

76.900009 

0.245916 

5.543488 

i 

4.11 

0.408000 

0.276000 

1.155573 

j 

i 

V 

f; 

79.100006 

0.264444 

4.186860 

If; 

4.11 

0.354000 

0.328000 

0.339782 

£ 

j 

\ 

14. 

r- 

74.200012 

0.324602 

1.035921 

i. 

4.11 

0.314000 

0.344000 

0.278616 

76.900009 

0.346786 

0.809930 

4* 

4.11 

0.238000 

0.338000 

0.643116 

kl- 

77.200012 

0.344431 

1.902710 

■i 

4 

4.11 

0.179000 

0.298000 

1.179933 

74.800003 

0.309799 

3.959508 

■3 

I 

t 


c 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.11 

0.120000 

0.227000 

2.667051 

74.800003 

0.253670 

11.749126 

THE  NUMBER  OF 

OATA  POINTS  IS 

12 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.527 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  OATA  VALUE  IS  5.240 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
OATA  POINT 

SCATTER 

PER  CENT  VAL 

4.11 

0.121000 

0.245000 

2.045956 

59.800003 

0.224540 

8.350843 

4.11 

0.179000 

0.289000 

2.309406 

59.800003 

0.312094 

7.991024 

4.11 

0.241000 

0.374000 

3.489309 

59.800J03 

0.339106 

9.329706 

4.11 

0.30300G 

0.304000 

0.905364 

59.800003 

0.313053 

2.978174 

4.11 

0.365000 

0*268000 

1.824370 

59.800003 

0.249756 

6.807352 

4.11 

0.420000 

0.165000 

1.031234 

59.800003 

0.175312 

6.249908 

4.11 

0.429000 

0.170000 

Cc 769722 

59.800003 

0.162302 

4.527779 

4.11 

0.363000 

0.243000 

0.921547 

59.000003 

0.252215 

3.792377 

4.11 

0.299000 

0.301000 

1.503062 

59.800003 

0.316030 

4.993562 

4.11 

0.237000 

0.338000 

0.117814 

59.800003 

0.339178 

0.348563 

4.11 

0.182000 

0.316000 

0.113433 

59.800003 

0.314865 

0.358967 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


/  30 


NOZZLE 

DESIGNATION 


VELOCITY 

RATIO 


EMPIRICAL  SCATTER 

DATA  POINT  PER  CENT  EFF. 


PRESSURE 

RATIO 


SMOOTHED  SCATTER 

DATA  POINT  PER  CENT  VALt 


4.11 


0.121000  0.210000 


i. 454043 


59.800003 


0.224540  6.924016 


THE  NUMdER  OF  DATA  POINTS  IS  12 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.373 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  5.221 


i 

3e 

1 

—  -  - - 

—  . - 

1*;' 

O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

JT 

t 

nozzle 

OfcS IGNA TION 

VELOCITY 

RATIO 

empirical 

DATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

ratio 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL» 

A. 11 

0. 12A000 

0.324000 

1 . 556653 

| 

50.100006 

0.308433 

A. 804485 

s 

fc. 

g 

A. 11 

0. 18A000 

0.302000 

9. 7T3004 

I 

r. 

■ft 

50. 100006 

0.399730 

32.360939 

•ST 

| 

A. 11 

0.247000 

0.401C00 

2.226770 

t 

50.100006 

0.423267 

5. 553043 

£ 

& 

A. 11 

0.305000 

0.339000 

5.464679 

f; 

A9. 900001 

0.393646 

16.119998 

i 

A. 11 

0.371000 

0. 305000 

1.224780 

i 

A9. 900001 

0.317247 

A. 015673 

i  i- 
! 

A. 11 

0. A26000 

0.242000 

0.980717 

’ 

fc 

50.100006 

0.232192 

A. 052550 

A. 11 

O.AA2000 

0.202000 

0.353980 

1 

- 

i- 

A9. 900001 

0.205539 

1.752376 

A. 11 

0. A29000 

0.243000 

1.576388 

49.900001 

0.227236 

6.487194 

► 

A. 11 

0.369000 

0.317000 

0.305581 

A9. 900001 

0.320055 

0.963978 

A. 11 

0.303000 

0.438000 

A. 266232 

49.900001 

0.395337 

9.740257 

A. 11 

0.2A2000 

0.482000 

5.827659 

A9. 900001 

0.423723 

12.090580 

i 

> 

> 

1 

1 

i 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE  VELOCITY 

DESIGNATION  RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTFR 

PER  CENT  VAL, 

4.11  0.184000 

0.421000 

2.126992 

50.100006 

0.399730 

5.052238 

4.11  0.123C00 

0.337000 

3.074205 

50.30u0&3 

0.306257 

9.122272 

THE  NUMbcR  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 
THE  AVERAGE  ERROR  IN  PER  CENT 

13 

EFFICIENCY  IS  2. 
OF  EMPIRICAL  DATA 

981 

VALUE  IS  8.624 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  EFF. 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL, 

4.11 

0.123000 

0.249000 

0.567817 

39.900001 

«>.ll 

0.189000 

0.243321 

0.291000 

2.280392 

1.092630 

39.900001 

4.11 

0.247000 

0.280073 

0.304000 

3.754745 

3.844291 

39.900001 

4.11 

0.306000 

0.265557 

0.207000 

12.645696 

0.370919 

39.900001 

0.210709 

1.791882 

4.11 

0.371000 

0.123000 

1.388141 

39.900001 

4.11 

0.426000 

0.109118 

0.000000 

11.285703 

0.601351 

39.900001 

4.11 

0.378000 

-0.006013 

0.072000 

0.601351 

2.385756 

39.900001 

4.11 

0.308000 

0.095857 

0.209000 

33.135505 

0.080266 

39. 9C0001 

4.11 

0.249000 

0.208197 

0.247000 

0.384050 

1.733345 

39.900001 

4.11 

0.185000 

0.264333 

0.248000 

7.017591 

3.151962 

39.900001 

4.11 

0.123000 

0.279519 

0.244000 

12.709524 

0.067818 

39.900001 

0.243321 

0.277943 

THE  NUMBER  OF  DATA  POINTS  K  S  li 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.389 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  7.807 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


€ 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EFF. 

-& 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL, 

4.11 

0.128C00 

0.253000 

0.670069 

Jr 

f 

23.200000 

0.259700 

2.648496 

jE 

l 

§ 

4.11 

0.192000 

0.332000 

1.819664 

24.900001 

0.313803 

5.480917 

■s 

%; 

4.11 

0.256000 

0.263000 

1.012605 

25.200000 

0.273126 

3.850211 

■rSC. 

4.11 

0.297000 

0.179G00 

1.292356 

& 

25.200000 

0.191923 

7.219870 

4.U 

0.314000 

0.140000 

0.474229 

25.200000 

0.144742 

3.387353 

a 

4.11 

0.322000 

0.119000 

0.070174 

'» 

fg 

& 

25.100002 

0.119701 

0.589697 

% 

& 

4.11 

0. 336000 

0.078000 

0.657673 

25.200000 

0.071423 

8.431707 

4.11 

0.288000 

0.229000 

1.535990 

24.90Q001 

0.213640 

6.707384 

4.11 

0.258000 

0.271000 

0.079822 

25.000003 

0.270201 

0.294548 

4.11 

0.193000 

0.305000 

0.892663 

24.900001 

0.313926 

2.926764 

4.11 

0.128000 

0.263000 

0.329929 

25.000003 

0.259700 

1.254405 

f 

THE  NUMBER  OF  DATA 
THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

,  POINTS  IS 

IN  PER  CENT 
IN  PER  CENT 

11 

EFFICIENCY  IS  0. 
OF  EMPIRICAL  DATA 

803 

VALUE  IS  3.890 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  F.FF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.7 

0.175000 

0.461000 

3.08580* 

203.200012 

0.430141 

6.6937  .8 

4.7 

0.114000 

0.323000 

1.559639 

199.800018 

0.307403 

4.828604 

THE  NUMBER  OF 

DATA  POINTS  IS 

13 

THE  AVERAGE  ERROR  IN  eER  CENT  ETFICIENCY  IS  1.288 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  2.782 


O.N.R.  NOZZLE  RESEARCN  PROGRAM 


NOZZLE 

DESIGNATION 


PRESSURE 

RATIO 

4.7 

153.700012 

4.7 

153.700012 

4.7 

152.100006 

4.7 

150.200012 

4.7 

152.400024 

4.7 

152.100006 

4.7 

152.400024 

4.7 

152.400024 

4.7 

152.400024 
4.7 

155.400024 
4.7 


VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

SMOOTHED 

SCATTER 

DATA  POINT 

PER  CENT  VAL 

0.116000 

0.315000 

0.145942 

0.316459 

0.463307 

0.175000 

0.413G00 

2.531719 

0.438317 

6.130071 

0.231000 

0.498000 

1.968461 

0.517684 

3.952734 

0.203000 

0.565000 

0.384855 

0.568848 

0.681159 

0.349000 

0.538000 

4.792440 

0.585924 

6.907880 

0.408000 

0.514000 

6.419397 

0.578194 

12.489101 

0.438000 

0.554000 

1.149404 

0.565494 

2.074737 

0.408000 

0.665000 

8.680606 

0.578194 

13.053543 

0.349000 

0.615000 

2.907550 

0.585924 

4.727725 

0.291000 

0.588000 

2.024853 

0.567751 

3.443628 

0.235000 

0.531000 

0.889897 

0.522101 

1.675889 

152.400024 


O.N.R.  NOZZLE 

research  program 

nozzle  ve»  oci TV 

uesig.iiation 

empirical 

DATA  POINT 

SCATTER 

PER  CENT  tFF 

PRESSURE 

RATIO 

SrfOOTHED 

DATA  Point 

SCAHER 
per  cent  val. 

'*'7  0.175C00 

0*462000 

2.368277 

152.400024 

0*428317 

5.126141 

0.11600C 

0.32200C 

C. 554055 

160.200012 

JHE  number  of  0*14  points  is 

HE  AVERAGE  ERROR  IN  per  cent 
1HE  AVERAGE  ERROR  IN  PER  CENT 

0.316459 

13 

EFFICIENCY  is  2. 
OF  empirical  data 

1.720667 

678 

VALUE  IS  4.957 

!Sg 
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O.M.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  PUINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.7 

0.118000 

0.331000 

0.209218 

100, 100006 

0.333092 

0.632079 

4,7 

0.175000 

0.395000 

3.140968 

101.000015 

0.426409 

7.951818 

4.7 

0,237000 

0.483000 

1.915711 

99.900009 

0.502157 

3.966276 

4.7 

0.294000 

0.549000 

0.844468 

100.100006 

0.540455 

1.556409 

4.7 

0.357000 

0.533000 

0.602245 

101.C00015 

0.539022 

1.129916 

4.7 

0.412000 

0.482000 

1.091420 

100.100006 

0.492914 

2.264358 

4.7 

0.412000 

0,498000 

0.508576 

100.100006 

0.492914 

1.021238 

4.7 

0.359000 

0.544000 

0.587725 

99.300003 

0.538122 

1.080378 

4.7 

0.297900 

0.551000 

0.950169 

100.100006 

0.541498 

1.724445 

4.7 

0.18000 

0.476000 

4.237342 

100.300003 

0.433626 

0.901981 

4.7 

0.120000 

0.335000 

0.166773 

100.300003 

0.336667 

0.497832 

THE  NUMBER  OF  DA! A  POINTS  IS  11 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1,296 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  2,793 


Q.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

A. 7 

0.123000 

SMOOTHED 
DATA  POINT 

0.345000 

SCATTER 

PER  CENT  VAL 

0.877082 

50.300003 

4.7 

0.186000 

0.336229 

0.365000 

2.542268 

6.587649 

50.500007 

4.7 

0.246000 

0.430876 

0.443000 

18.048355 

0.515461 

50.300003 

4.7 

0.306000 

0.448154 

0.372000 

1.163548 

3.708797 

50.230004 

4.7 

0.371000 

0.409088 

0.283000 

9.969886 

3.699714 

50.300003 

4.7 

0.428000 

0.319997 

0.201000 

13.073194 

1,500275 

50.800003 

4.7 

0.433000 

0.216002 

0.220000 

7.464058 

1.383292 

50.800003 

4,7 

0.365000 

0.206167 

0.342000 

6.287694 

1.221227 

50.300003 

4.7 

0.306000 

0.329787 

0.467000 

3.570841 

5.791199 

50.500007 

4.7 

0.247000 

0.409088 

0.502000 

12.400856 

5.407494 

50.300003 

4.7 

0.185000 

0.447925 

0.444000 

10.771900 

1.397150 

50.200004 

0.430028 

3,146736 

c 


I 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

4.7 

0.123000 

0.336000 

0.022917 

50.200004 

0.336229 

0.068208 

THE  NUMBER  OF  OATA  POINTS  IS  12 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.676 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  OATA  VALUE  IS  7.375 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZ:.LE 

DESIGNATION 

VELOCITY 

RAT  I U 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

4.7 

0.128000 

SMOOTHED 

DATA  POINT 

0.274000 

SCATTER 

PER  CENT  VAL 

1.261413 

25.000003 

4.7 

0.194000 

0.286614 

0.310000 

4.603697 

3.246861 

25.100002 

4.7 

0.255000 

0.342468 

0.294000 

10.473749 

1.774305 

25.100002 

4.7 

0.322000 

0.311743 

0.165000 

6.035052 

0.963401 

25.200000 

4.7 

0  337000 

0.174634 

0.153000 

5.838799 

2.517599 

25.100002 

4.7 

0.321000 

0.127824 

0.145000 

16.454895 

3.253743 

25.100002 

4.7 

J. 256000 

0.177537 

0.364000 

22.439609 

5.347783 

25.100002 

4.7 

0.194000 

0.310522 

0.349000 

14.691711 

0.653141 

25.100002 

4.7 

0.129000 

0.342468 

0.308000 

1.871466 

1.990872 

25.100002 

THE  NUMBER  OF 

DATA  POINTS  IS 

0.288091 

9 

6.463872 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.33* 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  9.874 


1^3 


NOZZLE 

DESIGNATION 

O.N.R.  NOZZLE 

VELOCITY 

RATIO 

RESEARCH  PROGRAM 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

PLUG  *A* 

0.194000 

SMOOTHED 

DATA  POINT 

0.469000 

SCATTER 

PER  CENT  VAL 

1.522112 

23.720001 

0.453778 

3.  45441 

PLUG  LA* 

0.191000 

0.404000 

3*433180 

23.470001 

PLUG  'A' 

0.190000 

0.449668 

0.458000 

7.093347 

0.973266 

23.400001 

PLUG  *  A* 

0.259000 

0.448267 

0.526000 

2.125036 

0.598847 

23.580001 

PLUG  'A* 

0.259000 

0.520011 

0.525000 

1.138494 

0.495266 

23.540000 

PLUG  9 A* 

0.322000 

0.520047 

0.568000 

0.943365 

3.363895 

24.250003 

PLUG  'A* 

0.324000 

0.534361 

0.574000 

5.922351 

3.973877 

24.550003 

PLUG  'A* 

0.390000 

0.534261 

0.505000 

6.923132 

0.034439 

24.850002 

PLUG  *  A* 

0.390000 

0.505344 

0.511000 

0.068197 

0.624299 

24.480003 

PLUG  *  A* 

0.456000 

0.504757 

0.447000 

1.221720 

0.827282 

24.290000 

PLUG  »A« 

0.457000 

0.438727 

0.466000 

1.850744 

2.843857 

24.310001 

0.437561 

6.102698 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 


PRESSURE 
RAY  10 

PLUG  *  A* 
24.110000 
PLUG  'A* 
24.210002 
PLUG  'A' 
24.830001 
PLUG  'A* 
24.000003 
PLUG  *  A' 
24.480003 
PLUG  'A* 
24.530002 
PLUG  'A* 
24.660003 
PLUG  'A' 
24.660003 
PLUG  'A' 
24.580001 
PLUG  'A' 
24.580001 
PLUG  *A* 


VELOCITY 

RATIO 


0.389000 


0.325000 


0.260000 


0.195000 


0.130000 


0.129000 


0.127000 


0.126000 


0.192000 


0.191000 


0.257000 


EMPIRICAL 
DATA  POINT 


SMOOTHED 
DATA  POINT 

0.582000 
0.504943 
0.488000 
0.533962 
0.565000 
0.520292 
0.505000 
0.454964 
0.296000 
0.329520 
0.331000 
0.327109 
0.322000 
0.322284 
0.320000 
0.319800 
0.467000 
0.450394 
0.446000 
0.448900 
0.515000 
0.518379 


SCATTER 
PER  CENT  EPF. 

SCATTER 
PER  CENT  VALt 

7.705677 

13.239995 

4.596287 

9.418621 

4.470742 

7.912817 

5.003578 

9.908075 

3.352022 

ll.?Y4401 

0.389099 

1.175526 

0.028473 

0.088425 

0.019997 

0.062491 

1.660502 

3.555679 

0.290006 

0.650238 

0.337910 

0.656137 


24.450000 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 


PRESSURE 

RATIO 

PLUG  *  A' 
24.660003 
PLUG  'A* 
24.450000 
PLUG  'A* 
24.660003 
PLUG  *, A* 
24.660003 
PLUG  'A' 
24.680000 
PIUG  'A' 
24.760002 
PLUG  *  A' 
24.470001 
PLUG  '-A* 
24.560001 
PLUG  'A* 
24.470001 
PLUG  'A' 
24.370002 
PLUG  '/A* 


VELOCITY 

RATIO 


0.257000 


0.325000 


0.324000 


0.389000 


0.390000 


0.458000 


0.445000 


0.383000 


0.326000 


0.258000 


0.196000 


EMPIRICAL 
DATA  POINT 


SMOOTHED 
DATA  POINT 

0.516000 
0.518405 
0.489000 
0.534070 
0.489000 
0.534330 
0.511000 
0.505771 
0.505000 
0.505069 
0.421000 
0.437711 
0.450000 
0.452319 
0.516000 
0.509853 
0.539000 
0.533936 
0.519000 
0.519002 
0.449000 
0.456230 


SCATTER 
PER  CENT  EFF. 


SCATTER 
PER  CENT  VAL « 

0.240528 

0.466140 

4.507041 

9.216854 

4.533053 

9.270048 

0.52  52 

— •  ^ ^ 

1.023193 

0.006961 

0.013785 

1.671159 

3.969500 

0.231963 

0.515474 

0.614619 

1.191123 

0.506401 

0.939519 

0.000250 

0.000482 

0.723064 

1.610387 


24.370002 


O.N.ft .  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  'A* 

0.129000 

0.339000 

1.186532 

24.570003 

0.327134 

3.500093 

PLUG  • A* 

0.124000 

0.332000 

1.736718 

24.450000 

0.314632 

5.231081 

PLUG  ‘A* 

0.191000 

0.428000 

2.092606 

24.250003 

0.448926 

4., (889266 

PLUG  '.A* 

0.254000 

0.507000 

0.949645 

24.740001 

0.516496 

1.873067 

PLUG  »A» 

0.3230G0 

0.536000 

0.172448 

24.330001 

0.534275 

0.321731 

PLUG  ' A* 

0.384000 

0.527000 

1.787507 

24.530002 

0.509124 

3.391855 

PLUG  'A* 

0.449000 

0.430000 

1.873964 

24.850002 

0.448739 

4.358057 

PLUG  */A* 

0.448000 

0.429000 

2.001017 

24.530002 

0.449010 

4.664376 

PLUG  'A* 

0.389000 

0.523000 

1.719701 

24.680000 

0.505802 

3.288148 

PLUG  ‘A* 

0.256000 

0.539000 

2.124917 

24.530002 

0.517750 

3.942333 

PLUG  VA* 

0.194000 

0.405000 

4.833120 

24.450000 

0.453331 

11.933630 

THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 
THE  AVERAGE  ERROR  IN  PER  CENT 

44 

EFFICIENCY  IS  1. 
OF  EMPIRICAL  DATA 

831 

VALUE  IS  3. 

869 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

"ELOCI TV 
RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  'A' 

0.131000 

0*341000 

0.361967 

20.160003 

0.344619 

1.061487 

PLUG  'A* 

0.199000 

0.445000 

2.438575 

20.430000 

0.469385 

5.479944 

PLUG  'A* 

0.26S000 

0.549000 

2.108252 

20.060001 

0.32T917 

3.640163 

PLUG  'A* 

0.332000 

0.477000 

5.374253 

20.330001 

0.530742 

11.266777 

PLUG  'A* 

0.402000 

0.574000 

9.159368 

20.060001 

0.482406 

15.957088 

PLUG  '.A* 

0.464000 

0.388000 

1.731258 

20.060001 

0.405312 

4.462007 

PLUG  '.A* 

0.465000 

0.393000 

1.120615 

20.100002 

0.404206 

2.851438 

PLUG  'A* 

0.401000 

0.339000 

5.538088 

20.100002 

0.483619 

10.274747 

PLUG  '.A* 

0.332000 

0.476000 

5.457426 

20.230003 

0.530574 

11.465181 

PLUG  'A* 

0.264000 

0.468000 

5.941206 

20.130001 

0.527412 

12.694885 

PLUG  'A* 

0.199000 

0.504000 

3.323591 

20.000003 


0.470764 


6.594427 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


/9S 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  EFF. 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL. 

PLUG  *  A* 

0.132000 

0.377000 

2.920168 

20.000003 

PLUG  *  A* 

0.130000 

0.347798 

0.37300G 

7.745805 

3.132599 

20.270000 

PLUG  *  A* 

0.130000 

0.341674 

0.344000 

8.398391 

0.097137 

20.000003 

PLUG  *  A* 

0.196000 

0.343028 

0^461000 

0.282377 

0.407439 

20.500003 

PLUG  *  A* 

0.132000 

0.465074 

0.329000 

0*883816 

2.117413 

19.530002 

PLUG  *  A* 

0.328000 

0.350174 

0.584000 

6.435906 

5.358148 

19.530002 

PLUG  *  A* 

0.198000 

0.530418 

0.450000 

9.174911 

2.101832 

19.490001 

PLUG  *A» 

0.400000 

0.471018 

0.478000 

4.670739 

0.329911 

19.530002 

PLUG  • A* 

0.456000 

0.481299 

0.406000 

0.690191 

0.616729 

19.550003 

PLUG  *A» 

0.401000 

0.412167 

0.461000 

1.519037 

1.842957 

19.400001 

0.479429 

3.997739 

fLUG  • A* 

0.329000 

0.516000 

1.374972 

19.400001 

0.529749 

2.664674 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  'A* 

0.265000 

0.517000 

1.132023 

19.400001 

0.528320 

2.189600 

PLUG  'A* 

0.130000 

0.366000 

1.954347 

19.330001 

0.346456 

5.339746 

PLUG  '.A' 

0.263000 

0.593000 

6.559122 

19.560001 

0.527408 

11.060915 

PLUG  *A' 

0.198000 

0.453000 

1.828706 

19.400001 

0.471287 

4.036880 

THE  NUMBER  OF 

DATA  POINTS  IS 

26 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.858 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  5.963 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


Zoo 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

R4.no 

SMOOTHED 
DATA  30 IN T 

SCATTER 

PER  CENT  VAt 

PLUG  • A* 

0.132000 

0.350000 

1.091307 

17.280002 

0.360913 

3. 11802 1 

PLUG  'A1 

0.201000 

0.499000 

1.965391 

17.280002 

0.479346 

3.938661 

PLUG  • A* 

0.2680C0 

0.529000 

0.319147 

16.980003 

0.525808 

0.603302 

PLUG  • A' 

0.336000 

0.458000 

5.755139 

17.170002 

0.515551 

12.565807 

PLUG  *-A* 

0.406000 

0.459000 

0.577128 

17.220001 

0.453228 

1.257359 

PLUG  *  A' 

0.480000 

0.326000 

1.191914 

17.040000 

0.337919 

3.656178 

PLUG  'A* 

C. 472000 

0.363000 

0.662118 

17.280002 

0.356378 

1.824017 

PLUG  'A* 

0.408000 

0.453000 

0.899112 

16.720001 

0.444008 

1.984795 

PLUG  'A* 

0.337000 

0.547000 

3.254B67 

17.100002 

0.514451 

5.950397 

PLUG  'A' 

0.268000 

0.483000 

4.280847 

16.980003 

0.525808 

8.863037 

PLUG  'A* 

0.203000 

0.535000 

5.324441 

17.140003 

0.481755 

9.952228 

i 


± 


/ 
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ZO  ! 


NOZZLE 

0ES1GNAH0N 

PRESSURE 

RATIO 


PLUG  'A* 


17.140003 


PLUG  'A* 


16.850002 


PLUG  l A* 


16.850002 


PLUG  *  A* 


17.080001 


PLUG  'A* 


16.940002 


PLUG  'A* 


17.180000 


PLUG  'A* 


17.180000 


PLUG  'A* 


16.940002 


PLUG  'A* 


16.970001 


PLUG  '.A* 


17.230003 


PLUG  'A* 


17.330001 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


VELOCITY 

RATIO 


0.134000 


0.129000 


0.196000 


0.261000 


0.329000 


0.396000 


0.464000 


0.462000 


0.399000 


0.331000 


0.265000 


EMPIRICAL 
OATA  POINT 

SMOOTHEO 
OATA  POINT 


0.359000 


0.265981 


0.358000 


0.355742 


0.456000 


0.473550 


0.514000 


0.524127 


0.4890Q0 


0.517411 


C. 454000 


0.464534 


0.341000 


0.368196 


0.350000 


0.367305 


0.451000 


0.458460 


0.499000 


0.518593 


0,507000 


0.526113 


SCATTER 
PER  CENT  EFF. 

SCATTER 
PER  CENT  VAL, 


0.698167 


1.944755 


0.225794 


0.620710 


1.755070 


2.848839 


1.012695 


1.970223 


2.841163 


5.810149 


1.053422 


2.320314 


2.719653 


7.97552 2 


1.730555 


4.944444 


0.746005 


1.6541 14 


1.959336 


3.926525 


1.911366 


3.769953 


THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 
THE  AVERAGE  ERROR  IN  PER  LENT 


EFFICIENCY  IS  1.907 
OF  EMPIRICAL  DATA  VALUE  IS  4.204 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  i 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT 

i;' 


PLUG  * A‘ 
14.870000 
PLUG  'A* 
14.870000 
PLUG  ‘.A* 
15.C2000G 
PLUG  'A' 
15.000001 
PLUG  *  A* 
14.610001 
PLUG  *  A* 
14.810001 
PLUG  'A* 
15.070001 
PLUG  ’A* 
15.240000 
PLUG  'A' 
15.000001 
PLUG  *  A' 
15.180000 
PLUG  'A' 


0.137000 

0.373000 

0.461655 

0.377616 

l .237683 

0.137000 

0.384000 

0.638342 

0.377616 

1 .662348 

0.13800G 

0.376000 

0.360971 

0.379609 

0.960031 

0.206000 

0.520000 

3.854447 

0.481455 

7.412399 

0,275000 

0.555000 

4.244709 

0.512552 

7.648125 

0.344000 

0.485000 

0.169694 

0.483303 

0.349885 

0.412000 

C.463C0C 

5.315703 

0.409e43 

11.480999 

0.480000 

0.33000 o 

3.250551 

0.297494 

9.830156 

0.414000 

0.442000 

3.655714 

0.405442 

8.270847 

0.343000 

0.479000 

1.058453 

0.489584 

2.209714 

0.207000 

0.501000 

1.853461 

0.482415 

3.709503 

15.000001 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 


VELOCITY 

RATIO 


EMPIRICAL 
DATA  POINT 


SCATTER 
PER  CENT  EFF. 


PRESSURE 

RATIO 


SMOOTHED 
DATA  POINT 


SCATTER 
PER  CENT  VAL. 


PLUG  *  A* 
14.760000 


0.140000 


0.342000 

0.303720 


4i 172021 
12.198894 


THE  NUMBER  OF  OATA  POINTS  IS  12 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.420 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  5.582 
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I 
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NOZZLE 

DESIGNATION 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 

VELOCITY  EMPIRICAL 

RATIO  DATA  POINT 

SCATTER 

PER  CENT  EFF, 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL 

PLUG  *  A* 

0.139000 

0.372000 

0.010406 

11.960001 

0.371895 

0.027975 

PLUG  • A* 

0.211000 

0.471000 

1.130092 

12.000001 

0.459699 

2.399346 

PLUG  • A* 

0.280000 

0.490000 

2.006334 

12.000001 

0.469936 

4.094559 

PLUG  • A* 

0.351000 

0.411000 

0.767797 

12.100000 

0.418677 

1.868120 

PLUG  'A* 

0.923000 

0.250000 

5.592239 

12.020000 

0.305922 

22.368957 

PLUG  'A* 

0.491000 

0.154000 

0.243106 

11.940000 

0.156431 

1,578613 

PLUG  'A* 

0.422000 

0.353000 

4.520828 

12.020000 

0.307791 

12.806877 

PLUG  'A* 

0.350000 

0.374000 

4.361433 

12.020000 

0.417614 

11.661584 

PLUG  'A* 

0.211000 

0.471000 

1.130092 

12.000001 

0.459699 

2.399346 

PLUG  • A* 

0.140000 

0.365000 

0.914609 

12.020000 

0.374146 

2.505779 

THE  NUMBER  OF  DATA  POINTS  IS 

10 

THE  AVERAGE  ERROR  IN  PER  CENT 

EFFICIENCY  IS  2 

.067 

THE  AVERAGE  ERROR  IN  PER  CENT 

OF 

EMPIRICAL  DATA  VALUE  IS  6. 

2o+ 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


j 

'/■ 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

empirical 

DATA  POINT 

SCATTER 

PER  CENT  EFF, 

PRESSURE 

RATIO 

SMOOTHEO 
OATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  'B' 

0.125000 

0.345000 

1.533141 

24. 950000 

0.358331 

3.864178 

PLUG  '8* 

0.189000 

0.469000 

1.109820 

24.850002 

0.460098 

2.366355 

PLUG  '8* 

0.256G00 

0.574000 

4.051411 

24.870002 

0.533485 

7.058208 

PLUG  'B* 

0.316000 

0.518000 

0.539076 

24.850002 

0.523390 

1.040688 

PLUG  *8' 

0.393000 

0.455000 

1.084596 

24.950000 

0.444154 

2.383727 

PLUG  *8' 

0.456000 

0.351000 

1.752341 

25.060001 

0.333476 

4.992424 

PLUG  '8* 

0.453000 

0.325000 

1.024371 

24.750003 

0.335243 

3.151912 

PLUG  *  B* 

0.390000 

0.488000 

3.946513 

24.950000 

0.448534 

8.087118 

PLUG  '8* 

0.323000 

0.509000 

0.908124 

24.750003 

0.518081 

1.784134 

PLUG  8* 

0.318000 

0.521000 

0.392043 

25.120002 

0.524920 

0.752483 

PLUG  '8' 

0.253000 

0.595Q00 

6.312991 

24.790000 

0.531870 

10.610069 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL» 

PLUG  • B* 

0.192000 

0.509000 

2.595603 

2*. 750003 

0.483043 

5.099418 

PLUG  'B' 

0.130000 

0.387000 

1.881230 

24.750003 

0.368187 

4.861060 

THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 
THE  AVERAGE  ERROR  IN  PER  CENT 

13 

EFFICIENCY  IS  2. 
OF  EMPIRICAL  DATA 

071 

VALUE  IS  4.311 

O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCI TY 
RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  'B' 

0.130000 

0.392000 

4.378623 

20.350002 

0.348213 

11.169956 

PLUG  •  B' 

0.197000 

0.488000 

1.588589 

20.400001 

0.472114 

3.255305 

PLUG  ' B* 

0.254000 

0.51500U 

0.290215 

20.160003 

0.512097 

0.563524 

PLUG  'B' 

0.324000 

0.501000 

1.263445 

20.100002 

0.488365 

2.521848 

PLUG  'b* 

0.392000 

0.400000 

0.237554 

20.44000? 

0.402375 

0.593885 

PLUG  * B' 

0.455000 

0.248000 

1.836320 

20.060001 

0.266363 

7.404519 

PLUG  'B* 

0.456000 

0.299000 

3.189665 

20.260002 

0.267103 

10.667778 

PLUG  * B* 

0.400000 

0.439000 

5.765301 

19.800003 

0.381347 

13.112806 

PLUG  'B' 

0.326000 

0.484000 

0.315880 

20.200000 

0.487158 

0.652646 

PLUG  »B' 

0.265000 

0.481000 

3.174210 

19.830001 

0.512742 

6.599189 

PLUG  '.B' 

0.194000 

0.470000 

0.160455 

20.400001 

0.468395 

0.341395 
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O.N 

.R.  NOZZLE  RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHEC 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  '8* 

0.130000 

0.327000 

2.909088 

16.550003 

0.356090 

8.896295 

PLUG  *8* 

0.201000 

0.472000 

0.439053 

16.730003 

0.476390 

0.930198 

PLUG  *  B* 

0.270000 

0.422000 

7.801348 

16.630001 

0.500013 

18.486606 

PLUG  *  B* 

0.330000 

0.39iG00 

6.875635 

17.270000 

0.461756 

17.495258 

PLUG  *8* 

0.400000 

0.316000 

1.857513 

16.640003 

0.334575 

5.878207 

PLUG  ' B* 

0.468000 

0.207000 

2.532193 

17.520000 

0.181678 

12.232816 

PLUG  'B* 

* 

0.401000 

0.334000 

0.398695 

16.520000 

0.330013 

1.193699 

PLUG  • B* 

0.334000 

0.513000 

6.379097 

16.590000 

0.449208 

12.434890 

PLUG  * B* 

0.267000 

0.551000 

5.020010 

16.640003 

0.500800 

9.110727 

PLUG  ».B* 

0.202000 

0.492000 

1.496321 

16.540000 

0.477036 

3.041303 

PLUG  »B* 

0.132000 

0.372000 

1.112526 

16.570003 

0.360874 

2.990663 

THE  NUMBER  OF  OATA 
THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 
IN  PER  CENT 

11 

EFFICIENCY  IS  3. 
OF  EMPIRICAL  DATA 

347 

VALUE  IS  8. 

Z! 


O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

NUZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  cek;  val 

PLUG  *8* 

0.133000 

0.395000 

3.083402 

14.920000 

0.364166 

7.806080 

PLUG  *  8* 

0.202000 

0.491000 

2.013522 

14.850000 

0.470864 

4..100860 

PLUG  *8* 

0.266000 

0.505000 

1.765382 

15.070001 

0.487346 

3.495806 

PLUG  *8* 

0.334000 

0.450000 

2.744418 

14.850000 

0.422555 

6.098707 

PLUG  *8* 

0.405000 

0.284000 

0.113880 

14.910001 

0.282861 

0.400988 

PLUG  *  B* 

0.447000 

0.140000 

2.910027 

14.940000 

0.169100 

20.785907 

PLUG  *8* 

0.402000 

0.317000 

2.977103 

14.800001 

0.287229 

9.391492 

PLUG  *8* 

0.334000 

0.423000 

0.229418 

15.000001 

0.425294 

0.542360 

PLUG  *8* 

0.272000 

0.472000 

1.248479 

14.960301 

0.484484 

2.645082 

PLUG  *8* 

0.202000 

0.476000 

0.496524 

14.880001 

0.471034 

1.0431 19 

PLUG  ' B* 

0.136000 

0.375000 

0.415414 

14.850000 

0.370845 

1.107772 

THE  NUMBER  OF 

DATA  POINTS  IS 

11 

THfc  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.636 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  5.219 


Z!  t 


O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

nozzle 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  •B* 

0.139000 

0.361000 

0.161898 

12.040000 

0.362618 

0.448471 

PLUG  *8* 

0. 208000 

0.444000 

0.066715 

11.970001 

0.443332 

0.150260 

PLUG  *8* 

0.278000 

0.459000 

3.138119 

12.000001 

0.427618 

6.836860 

PLUG  *  B* 

0.345000 

C. 336000 

0.542932 

12.040000 

0.330570 

1.615871 

PLUG  *  B* 

0.399000 

0.184000 

1.552516 

12.040000 

0.199525 

8.437589 

PLUG  *8* 

0.347000 

0.334000 

0.749468 

12.040000 

0.326505 

2.243918 

PLUG  '8' 

0.278000 

0.429000 

0.037205 

12.070001 

0.429372 

0.086725 

PLUG  * B* 

0.210000 

0.424000 

2.071047 

12.000001 

0.444710 

4.884545 

PLUG  *8* 

0.140000 

0.356000 

0.834715 

12.020000 

0.364347 

2.344706 

THE  NUMBER  OF 

DATA  POINTS  IS 

9 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  1.017 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  3.005 


i 


2/2 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 
OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 
OATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  »C» 

0.129000 

0.460000 

10.589921 

24.580001 

0.354100 

23.021568 

PLUG  *C* 

0.253000 

0.706000 

14.959146 

24.910003 

0.556408 

21.188591 

PLUG  'C* 

0.385000 

0.66500C 

17.418785 

25.310001 

0.490812 

26.193660 

PLUG  *C* 

0.454000 

0.423000 

8.479583 

24.700000 

0.338204 

20.046295 

PLUG  'C* 

0.384000 

0.599000 

10.888463 

25.230003 

0.490115 

13, 177734 

PLUG  *C* 

0.253000 

0.654030 

7.278371 

25.820003 

0.581216 

11.129009 

PLUG  *C* 

0.126000 

0.386000 

2.622807 

25.230003 

0.359771 

6.794837 

PLUG  'C* 

0.126000 

0.339000 

1.101422 

24.800003 

0.350014 

3.249033 

PLUG  'C* 

0.190000 

0.462000 

3.002083 

24.880001 

0.492020 

6.498017 

PLUG  '.C* 

0.254000 

0.524000 

3.892970 

25.160003 

0.562929 

7.429333 

PLUG  »C» 

0.315000 

0.494000 

6.174255 

25.000003 

0.555742 

12.498493 

1 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


I 


NOZZLE 

DESIGNATION 


PRESSURE 

RATIO 


VELOCITY 

RATIO 


2/3 


EMPIRICAL 
DATA  POINT 


SMOOTHED 
DATA  POINT 


SCATTER 
PER  CENT  EFF 


SCATTER 
PER  CENT  VAL 


& 

%y. 


PLUG  *C* 

0.381000 

0.447000 

4.57i336 

25.160003 

0.492713 

10.226703 

PLUG  *C* 

0.446000 

0.322000 

5.980663 

25.590000 

PLUG  'C* 

0.446000 

0.381806 

0.332000 

16.573551 

4.496091 

25.430000 

PLUG  *C' 

0.383000 

0.376960 

0.456000 

13.542444 

3.729129 

25.290000 

PLUG  »C» 

0.320000 

0.493291 

0.508000 

8.177915 

4.689133 

25.080001 

PLUG  *C* 

0.257000 

0.554891 

0.535000 

9.230579 

2.524257 

25.000003 

PLUG  ‘C* 

0.19200C 

0.560242 

0.453000 

4.718237 

5.122066 

25.260002 

PLUG  ‘C1 

0.129000 

C. 504220 

0.333000 

11.306989 

3.224855 

25.110000 

THE  NUMBER  OF 

DATA  POINTS  IS 

0.365248 

19 

9.684253 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  t.355 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  12.720 
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Z/4 

i 

1 

•t 

& 

r> 

NOZZLE 

DESIGNATION 

O.N 

.R.  NOZZLE  1 

VELOCITY 

RATIO 

RESEARCH  PROGRAM 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF. 

1 

3 

* 

1 

T- 

V 

&. 

.§ 

’Kfr 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL, 

i 

<5 

* 

5 

t 

& 

I 

PLUG  *C* 

0.130000 

0.346000 

0.212663 

i 

| 

n 

3-’ 

19*930000 

0.348126 

0.614634 

t 

1 

PLUG  «C 

0.198000 

0.456000 

1.954239 

i 

1 

i 

19.970001 

0.475542 

4.285614 

* 

i 

PLUG  *C* 

0.263000 

0.485000 

3.262659 

3 

i 

1 

20.000003 

0.517626 

6.727152 

i 

>■ 

V, 

! 

PLUG  »C' 

0.326000 

0.463000 

2.858704 

i 

i 

] 

r 

& 

20.150001 

0.491587 

6.174307 

i 

5 

t 

| 

Pl  'G  «C« 

0.395000 

0.383000 

0.769657 

l ! 
t 

| 

19.730003 

C. 390696 

2.009548 

1 

1 

PLUG  «C 

0.454000 

0.248000 

1.356163 

i 

i 

g 

20.150001 

0.261561 

5.468401 

1 

i 

PLUG  *C 

0.394000 

0.384000 

1.087337 

i 

19.970001 

0.394873 

2.831609 

I 

1 

£ 

& 

PLUG  *C« 

0.329000 

0.436000 

5.280167 

c 

20.150001 

0.488001 

12.110475 

•t 

H 

■* 

f 

f 

1 

PLUG  »Ce 

0.262000 

0.531000 

1.347244 

< 

§• 

>■" 

20.060001 

0.517527 

2,537182 

| 

1 

«*• 

fe* 

PLUG  ’C' 

0.196000 

0.478000 

0.509590 

I 

f. 

fv 

20.000003 

0.472904 

1.066087 

■M, 

PLUG  »C* 

0.132000 

0.357000 

0.500071 

f 

?•' 

| 

£ 

20.060001 

0.351999 

1.400759 

i 

C 

THE  NUMBER  OF  DATA 
THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 
IN  PER  CENT 

11 

EFFICIENCY  IS  1. 
OF  EMPIRICAL  DATA 

739 

VALUE  IS  4.  ill 

j 

i 

| 

i 

| 

£ 

.#4, 

1 

/ 

f 

* 

i 

1 

1 

NOZZLE 

DESIGNATION 

O.N.R.  NOZZLE 

VELOCITY 

RATIO 

RESEARCH  PROGRAM 

EKFIRICAL 
DATA  POINT 

PRESSURE 

RATIO 

PLUG  *C* 

0.133000 

SMOOTHED 
DATA  POINT 

0.466000 

16.910003 

PLUG  *C' 

0.265000 

0.368034 

0.739000 

16.910003 

PLUG  'C* 

0.404000 

0.515385 

0.369000 

17.000003 

PLUG  *C* 

0.438000 

0.336425 

0.338000 

17.000003 

PLUG  •C* 

0.405000 

0.251430 

0.362000 

17.130001 

PLUG  'Cf 

0.200000 

0.336486 

0.654000 

16.880001 

PLUG  'C* 

0.271000 

0.493112 

0.642000 

16.840000 

PLUG  'C* 

0.198000 

0.513445 

0.470000 

17.210002 

PLUG  *C* 

0.131000 

0.490039 

0.357000 

17.370002 

PLUG  *C» 

0.266000 

0.376663 

0.485000 

17.160003 

PLUG  *C' 

0.331000 

0.516026 

0.450000 

0.468300 


SCATTER 
PER  CENT  EFF 


SCATTER 
PER  CENT  VAL 

7.796574 

16,730846 

22.361507 

30.259143 

3.257489 

8.827886 

8.656908 

25.612152 

4.551387 

11.91462? 

16.088707 

24.600467 

12.855411 

20.024005 

2.003950 

4.263723 

2.166325 

6.06813? 

3.102642 

6.397201 

1.830017 

4.066706 


17.170002 


r 


£ 


I 

| 

i 


f 


€ 


O.N.R.  NOZZLE 

REStARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  F.FF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  *C* 

0.398000 

0.334000 

1.982045 

17.230003 

0.353820 

5.934268 

PLUG  *C‘ 

0.453000 

0.211000 

0.234463 

17.170002 

0.213344 

1.111202 

PLUG  '.C* 

0.399000 

0.352000 

0.086802 

17.200000 

0.351132 

0.246597 

PLUG  *C* 

0.332000 

0.446000 

2.095282 

17.160003 

0.466952 

4.697942 

PLUG  »C' 

0.265000 

0.477000 

3.951013 

17.260002 

0.516510 

8.283046 

PLUG  'C' 

0.197000 

0.477000 

1.117140 

17.410003 

0.488171 

2.342012 

PLUG  'C* 

0.134000 

0.351000 

3.588658 

17.240001 

0.386886 

10.224100 

THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 
THE  AVERAGE  ERROR  IN  PER  CENT 


18 


EFFICIENCY  IS  5.429 
OF  EMPIRICAL  DATA  VALUE  IS  10.644 


I 

1 


I 


i 


O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

*ATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EPF 

PRESSURE 

RATIO 

SMOOTHED 

OATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  *C‘ 

0.133000 

0.361000 

4.082983 

15.000001 

0.401829 

11.310205 

PLUG  '/C* 

0.204000 

0.426000 

6.755239 

14.790000 

0.493552 

15.857368 

PLUG  »C' 

0.272000 

0.470000 

2.655023 

15.000901 

0.496550 

5.648985 

PLUG  'C* 

0.3410C0 

0.400000 

1.743388 

14.900001 

0.417433 

4.358470 

PLUG  *C' 

0.403000 

0.246000 

4.133994 

14.900001 

0.287339 

16.804851 

PLUG  »C» 

0.428000 

0.185000 

3.524923 

14.900001 

0.220249 

19.053646 

PLUG  »C' 

0.404000 

0.264000 

2.144837 

14.920000 

0.2854  »8 

8.124385 

PLUG  »C' 

0.341000 

0.408000 

0.990551 

14.920000 

0.417905 

2.427823 

PLUG  'O' 

0.271000 

0.478000 

1.992607 

15.060001 

0.497926 

4.168634 

PLUG  'C» 

0.201000 

0.440000 

5.307341 

15.050001 

0.493073 

12.062139 

PLUG  ‘C* 

0.135000 

0.372000 

3.441351 

14.780000 

0.406413 

9.250946 

THE  NUMBER  OF 

OATA  POINTS  IS 

11 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  3.342 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  OA T A  VALUE  IS  9.915 


O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  'C 

0.137000 

0.467000 

7.735431 

11.960001 

0.369645 

16.564094 

PLUG  'C' 

0.366000 

0.235000 

0.893777 

11.800001 

0.243937 

3.803309 

PLUG  «C° 

0.344000 

0.387000 

9.034675 

11.830001 

0.296653 

23.345413 

PLUG  *C 

0.284000 

0.393000 

0.597596 

11.840000 

0.398975 

1.520601 

PLUG  *C« 

0.141000 

0.478000 

8.390171 

11.890001 

0. 394098 

17.552658 

PLUG  *C' 

0.135000 

0.349000 

3.574800 

11.860000 

0.384748 

10.242982 

PLUG  «C* 

0.208000 

0.448000 

0.641673 

11.810001 

0.441533 

1.432307 

PLUG  «C' 

0.281000 

0.376000 

2.699619 

il .850000 

0.402996 

7.179839 

PLUG  'C* 

0.346000 

0.298000 

0.515157 

11.840000 

0.292848 

1.728714 

PLUG  'C 

0.384000 

0.204000 

0.577893 

11.820001 

0.198221 

2.832813 

PLUG  'C‘ 

0.350000 

0.282000 

0.089669 

11.820001 


0.282896 


0.317976 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

PLUG  *C* 

0.280000 

0.369000 

3.386760 

1  1  *  f-20001 

0.40286? 

9.178213 

PLUG  «C* 

0.208000 

0.433000 

0.858324 

11.810001 

0.441583 

1.982274 

PLUG  *,C* 

0.141000 

0.332000 

6.109506 

11.840000 

0.393095 

18.402130 

THE  NUMBER  OF  OATA 
THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 

IN  PER  CENT 
IN  PER  CENT 

14 

EFFICIENCY  IS  3. 
OF  EMPIRICAL  DATA 

221 

VALUE  IS  8. 

291 
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O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

ARGON  2.511 

0.107000 

0.297000 

1.607114 

34.570007 

0.313071 

5.411159 

ARGON  2.511 

0.175000 

0.443000 

1.428288 

34.470001 

0.457282 

3.224127 

ARGON  2.511 

0.241000 

0.531000 

3.009033 

34.470001 

0.561090 

5.666730 

ARGON  2.511 

0.308000 

0.602000 

1.759469 

34.360000 

0.619594 

2.922707 

ARGON  2.511 

0.376000 

0.560000 

5.960489 

34.290001 

0.619604 

10.643732 

ARGON  2.511 

0.450000 

0.537000 

0.146019 

34.290001 

0.538460 

0.271917 

ARGON  2.511 

0.451000 

0.503000 

3.372335 

34.290001 

0.536723 

6.704445 

ARGON  2.511 

0,379000 

0.581000 

3.641820 

34.470001 

0.617418 

6.268193 

ARGON  2.511 

0.320000 

0.698000 

7.294810 

34.030006 

0.625051 

10.451017 

ARGON  2.511 

0.248000 

0.542000 

2.757549 

34.470001 

0.569575 

5.087730 

ARGON  2.511 

0.184000 

0.447000 

2.665943 

33.850006 

0.473659 

5.964078 

C 


i 

* 

? 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  EFF. 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL. 

ARGON  2.511 


0.119000  0.323000 


1.761663 


34.470001 


0.340616 


5.454066 


THE  NUMBER  OF  DATA  POINTS  IS  12 

THE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.950 

THE  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  OATA  VALUE  IS  5.672 
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C.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 
0ESIGNA1 ION 

VELOCITY 

RATIO 

EMPIRICAL 
DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

ARGON  2.511 

0.118000 

SMOOTHED 
DATA  POINT 

0.318000 

SCATTER 

PER  CENT  VAL 

0.915259 

30.090000 

ARGON  2.511 

0.187000 

0.327152 

0.503000 

2.878173 

3.430015 

27.510002 

ARGON  2.511 

0.256000 

0.468699 

0.484000 

6.819116 

8.923114 

26.800003 

ARGON  2.511 

0.330000 

0.573231 

0.612000 

18.436187 

1.305246 

28.470001 

ARGON  2.511 

0.394000 

0.625052 

0.612000 

2.132755 

1.077425 

27.260002 

ARGON  2.511 

0.462000 

0.601225 

0.501000 

1.760499 

0.867414 

28.050003 

ARGON  2.511 

0.461000 

0.509674 

0.492000 

1.731366 

1.308751 

26.910003 

ARGON  2.511 

0.396000 

0.505087 

0.644000 

2.660063 

3.907847 

28.610000 

ARGON  2.511 

0.329000 

0.604921 

0.635000 

6.068087 

1.363229 

27.310001 

ARGON  2.511 

0.250000 

0.621367 

0.529000 

2.146818 

3.810275 

28.080001 

ARGON  2.511 

0.189000 

0.567102 

0.483000 

7.202789 

1.022172 

27.690002 


0.472778 


2.116298 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  EFF 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL 

ARGON  2.511 

0.120000 

0.329000 

0.327789 

27.690002 

0.325722 

0.996321 

THE  NUMBER  OF  DATA  POINTS  IS  12 

▼HE  AVERAGE  ERROR  IN  PER  CENT  EFFICIENCY  IS  2.354 

THc  AVERAGE  ERROR  IN  PER  CENT  OF  EMPIRICAL  DATA  VALUE  IS  4.579 


O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

PRESSURE 

RATIO 

ARGON  2.5 li 
24.570003 
ARGON  2*511 
24.570003 
ARGON  2.511 
24.620002 
ARGON  2.511 
24.570003 
ARGON  2.511 
24.450000 
ARGON  2.511 
24.880001 
ARGON  2.511 
24.570003 
ARGON  2.511 
24. 57Q0Q3 
ARGON  2.511 
24.570003 
ARGON  2.511 
24.570003 
ARGON  2.511 
24.450000 


VELOCITY 

RATIO 


0. 120000 


0.189000 


0.262000 


0.330000 


0.396000 


0.466000 


0.495000 


0.467000 


0.397000 


0.327000 


0.261000 


EMPIRICAL 
DATA  POINT 


SMOOTHED 
DATA  POINT 

0.328000 

0.320897 

0.511000 

0.467018 

0.515000 

0.571800 

0.549000 

0.611160 

0.561000 

0.584531 

0.443000 

0.479805 

0.389000 
>  ■»« 

0.405426 

0.521000 

.  ^  mt  ■  —  » . 

0.475039 

0.608000 

0.584320 

0.615000 

0.610755 

0.603000 

0.570340 


ZZ4 

SCATTER 
PER  CENT  EFF. 


SCATTCR 
PER  CENT  VAL, 

0.710207 
2.165266 
4.398156 
8.606960 
5.680085 
U.  029291 
6.216026 
11.322452 
2.353096 
4.194467 
3.680545 
8. 30?  **29 
1.642686 
4.Z22844 
4.596043 
8.821500 
2.367985 
3.894713 
0.424456 
0.690173 
3.265953 
5.416175 
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O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

empirical 

DATA  POINT 

SCATTER 

PER  CENT  EFF. 

PRESSURE 

RAT  10 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL» 

ARGON  2.511 

9.191000 

0.410000 

6.036174 

24.370002 

0.470361 

14.722377 

ARGON  2.511 

0.121000 

0.260000 

6.321710 

24.450000 

0.323217 

24.314270 

the  number  of  data 

THE  AVERAGE  ERROR 
THE  AVERAGE  ERROR 

POINTS  IS 
IN  PER  CENT 
IN  PER  CENT 

13 

efficiency  IS  3. 

OF  EMPIRICAL  DATA 

668 

VALUE  IS  8.285 
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O.N.R.  NOZZLE 

RESEARCH  PROGRAM 

N0Z2LE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

OATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHEO 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

ARGON  2.511 

0.116000 

0.312000 

0.244516 

21.120002 

Q. 314*45 

0.783705 

ARGON  2.511 

0.162QQ0 

0.460000 

0.670397 

21.180000 

0.453296 

1.457385 

ARGON  2.511 

0.254000 

0.579000 

2.256894 

20.870002 

0*556431 

3.897917 

ARGON  2.511 

0.324000 

0.57000C 

2.749586 

21.320003 

0.597495 

4.823836 

ARGON  2.511 

0.386000 

0,554000 

1.348554 

21.360000 

0.572485 

3.336741 

ARGCN  2.311 

0.464000 

0.468000 

1.612249 

21.130001 

0.449877 

3.872326 

ARGON  2.51! 

0.487000 

0.351000 

4.318983 

21.360000 

0.394189 

12.304794 

ARGON  2.511 

0.460000 

0.477000 

1.584267 

21.360000 

0.461157 

3,321316 

ARGON  2.511 

0.390000 

Ot  550000 

2.063429 

21.360000 

0.570634 

3.751690 

ARGON  2.51. 

0.326000 

0.623000 

2.500188 

21.410003 

0.597998 

4.013144 

ARGON  2.511 

0.256000 

0.605000 

4.590523 

21.430000 

0.559094 

7.587642 
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O.N.R .  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

VELOCITY 

EMPIRICAL 

SCATTER 

DESIGNATION 

RATIO 

DATA  POINT 

PER  CENT  EFF. 

PRESSURE 

SMOOTHED 

SCATTER 

RATIO 

DATA  POINT 

PER  CENT  VAL, 

ARGON  2.511 

3.123000 

0.337000 

1.418161 

17.120002 

ARGON  2.511 

0.192000 

0.351181 

0.467000 

4.208194 

1.524383 

17.120002 

ARGON  2.511 

Q. 264000 

0.482243 

0.527000 

3.264203 

3.934562 

17.150001 

ARGON  2.511 

0.331000 

0.56634E 

0.569000 

7.465963 

1.623404 

17.200000 

ARGON  2.511 

0.404000 

0.585234 

0.461000 

2.853083 

6.535507 

16.960002 

ARGON  2.511 

0.476000 

0.526355 

0.405000 

14.176805 

2.874029 

17.000003 

ARGON  2.511 

0.504000 

0.376259 

0.295000 

7.096367 

0.362121 

16.710002 

ARGON  2.511 

0.478000 

0.286378 

0.339000 

2.922446 

2.892905 

16.750003 

ARGON  2.511 

0.400000 

0.367929 

0.562000 

8.533645 

3.152978 

16.710002 

ARGON  2.511 

0.330000 

0.530470 

0.647000 

5.610282 

6.208992 

16.890003 

ARGON  2*511 

0.262000 

0.584910 

0.551000 

9.596588 

1.413095 

17.000003 

0.565131 

2.564600 

1 


C.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

velocity 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

ARGON  2.511 

0.194000 

0.510000 

2.256346 

16.730003 

0.467436 

4.424207 

ARGON  2.511 

0.121000 

0.343000 

0.565761 

16.890003 

0.346657 

1.649450 

THE  NUMBER  OF  DATA 
THE  AVERAGE  ERROR 

the  average  error 

POINTS  IS 

IN  PER  CENT 
IN  PER  CENT 

13 

EFFICIENCY  IS  2. 
OF  EMPIRICAL  DATA 

712 

VALUE  IS  5. 

O.N.R.  NOZZLE  RESEARCH  PROGRAM 


NOZZLE 

DESIGNATION 

VELOCITY 

RATIO 

EMPIRICAL 

DATA  POINT 

SCATTER 

PER  CENT  EFF 

PRESSURE 

RATIO 

SMOOTHED 

DATA  POINT 

SCATTER 

PER  CENT  VAL 

FREGN  2.511 

0.128000 

0.357000 

1.383626 

13.100000 

0.370836 

3.875704 

FREON  2.511 

0.193000 

0  92000 

0.930023 

13.000001 

0.501300 

1.890291 

FP.EON  2.511 

U. 304000 

0.579000 

0.662  744 

12.800001 

0.585627 

1.144635 

FREON  2.511 

0.344000 

0.561000 

1.005268 

12.890001 

0.571052 

1.791921 

FREON  2.511 

0.408500 

0.480000 

1.497721 

12.950000 

0.494977 

3.120254 

FREON  2.511 

0.485000 

0.296000 

1.939237 

13.000001 

0.317392 

6.507508 

FREON  2.511 

0.478000 

0.359000 

2.131051 

13.050001 

0.337689 

5.936075 

FREON  2.511 

0.405000 

0.518000 

1.719379 

13.200000 

0.500806 

3.319266 

FREON  2.511 

0.312000 

0.596000 

1.133156 

13.200000 

0.584668 

1.901268 

FREON  2.5U 

0.192000 

0.512000 

1.226508 

13.500001 

0.499734 

2.395524 

FREON  2.511 

0.126000 

0.378000 

1.208842 

13.620000 

0.365911 

3. 197994 

THE  NUMBER  OF  DATA  POINTS  IS 
THE  AVERAGE  ERROR  IN  PER  CENT 
THE  AVERAGE  ERROR  IN  PER  CENT 

11 

EFFICIENCY  IS  1. 
OF  EMPIRICAL  OATA 

348 

VALUE  IS  3. 
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APPENDIX  C 


TURBINE  TEST  SCHEMATIC  DIAGRAM 


Form  G7626 


•  i 


TURBINE  AND  ABSORPTION  DYNO 
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APPENDIX  D 


SAMPLE  DATA  SHEET 


Form  G7625 
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Table  V 
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July  14,  1971 
L7-0NR-190 


ORR 

Chief  of  Naval  Research 
Department  of  the  Navy 
Washington,  D.C.  20360 

Attention:  Mr.  J.  R.  Pavton,  .r. ,  Code  473 
Subject: 


received 

mwioh*  ««**«• 

St?  1  'S''' 
WFO«WA''0t<  ScK''lC£ 


Contract  No.  000l4-68-C-0406 
"Final  Technical  Report  on  an  Analytical 
and  Experimental  Research  Program  to  Optimize 
Turbine  Nozzle  for  Off  Design  Performance  of 
Partial  Admission  Turbines" 


Reference:  Sundstrand  Letter  L6-ONR-184,  dated  6/24/71 
Sene  Subject 

Gentlemen: 

/if 

Please  find  enclosed  ±we-v*n  sets-of  illustrations,  photos,  etc. 
tof replace  the  Xerox  copies  as  transmitted  with  the  original 
reports  per  the  reference  letter. 

Very  truly  yours, 

SUNDSTRAND  AVIATION 

Division  of  Sundstrand  Corporation 


Q] ''P) 

i  J.  G.  Buell 

Contract  Program  Manager 
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FIGURE  3  TURBINE  TEST  RIG 


